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OVERVIEW

Energía e Industrias Aragonesas has four manufacturing centres of production.
In these centres, chlorine is produced by means of electrochemical reactions
which, moreover, originate other products such as soda and potash.

Both the chlorine and the soda and potash are sold on demand in markets
associated to the production centres and at prices which vary depending on the
period of sale and the centre.

Production surpluses of any one of the centres may be transported to any other
so as to optimize the overall supply-demand combination of all the plants. The
relevant transport and storage costs may also vary depending on the centre
and on the time of year.

The main problem lies in controiling the multiple combinations which permit
a determined overall annual production of chlorine at the lowest possible cost.

What is important is not only the quantity manufactured per month (for sale
and self-consumption, or storage), but also how much is manufactured at each
production centre.

The monthly production of a plant could be obtained in different ways (modu-
lations) giving rise to different production power costs (due to the electrolysis
process itself, or because of the structure of electricity rates).

In the first step towards solving the problem, for each plant and each month,
a range of chlorine productions was selected -per plant and per month- with
their corresponding electricity bills for the entire plant (once again, the rating
structure makes it difficult to distinguish which part of the bill refers to
electrolysis and which does not).
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These electric bills can be considered to be optimum in that they are minimal
for a determined production of chlorine. Otherwise, in view of the targeted
monthly production of chlorine, the current in the electrolysis is modulated
so that the electricity bill shows the lowest possible amount, while minimum
technical conditions are respected and the rest of the plant remains constant.

In the assumptions described, the essence of the problem consists in deci-
ding how much to produce every month and where to produce it, keeping in mind
overall monthly demands, storage capacities and other restrictions.

TECHNICAL APPROACH

Production costs are almost exclusively due to the consumption of electric
power which is essential for cathodic reactions. The volume of production is not
the only factor which determines this cost. Other parameters are also involved.
Thus:

cost = f (production)

where fis a non-linear function. The cost function of production is variable in time
and per centre as in the case of transport and storage. Each addend of this f
function is an initial datum in the analysis and has no analytical expression but is
represented discretely as a table in which the production (in thousands of tonnes)
and the associated cost (in millions of pesetas) are listed.

The problem consists in defining, fora time interval comprising consecutive units
of time (UT), the values of production and storage of each centre and also those
of transportation required between centres which, in the hypothesis of satisfying
overall demand of the three markets, minimizes the total cost of

production + transportation + storage

relevant to the period.

The situation described may be summed up as follows:

"Minimize a cost function (function objective)

cost (production) in the centres +
cost (transport) between centres +
cost (storage) in the centres,
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subject to restrictive conditions which reflect the balance of each centre
and each UT

production - sale + final storage of above UT- final storage - transportation to +
transportation from = zero

and to limiting conditions

storage <= storage capacity (maximum stock)

storage >= minimum stock

SOLUTION

The problem described is resolved by means of non-linear programming tech-
niques. The non-linearity characteristic is due to the part of the function objective
which considers the cost of chlorine production. (The remaining addends of this
function and the restrictions of the problem are linear functions in all cases.)

The function objective of the problem is the sum of the CPC (Chlonne Pro-
duction Cost) function and the costs of transportation and storage corresponding
to all movements of the network of centres and all the UTs into which the time
interval analyzed is broken down.

The CPC function is, in turn, the sum of a set of CPCni functions represen-
ting the chlorine production cost in each of the centres (n) and for each of the UTs
(i) of the period under study.

Each addend of the CPC function is a discretized function in a production-cost
table. It would, of course, be feasible to adjust the point cloud for a polynomial by
means of least square techniques. Whatever the interpretation (tabular or
analytical expression), the CPC function addends receive only one of the
variables used in the analysis; eg CPCni is the chlorine production in the nth
centre and in the UT number i of the period being analyzed. The remaining
addends of the function objective also have this characteristic as they are merely
products of constant factors (costs) for the variables affected by these costs.

In this situation, the problem of Non-Linear Programming (NLP) can be substi-
tuted by a problem of Linear Programming (LP) for which the function objec-
tive is the same as that of the NLP in addends which are linear, with the addends
CPC of the NLP being substituted by appropriate linear combinations.
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Processing of Cost-Production Curves

Three points are selected from the table of CPCni function values, the non-linear
CPCni function being substituted in the analysis by the piecewise linear functions
defined by point data. The substitution is as follows:

- As abscissas of the points selected, X1, X2and X3
- As ordinates of the points selected, CPCni(X1), CPCni(X2) and CPCni(PX3)

- As abscissas of a generic point, X

X = X1 *x(1) + X2*x(2) + X3*x(3)

(The x(i) values are positive parameters of sum 1)
- As an ordinate, CPCX(PCX)

CPCni(X) = CPCni(X1)*x(1) + CPCni(X2)*x(2) + CPCni(X3)*x(3)

Selection of the three points will be made by the system user through automatic
computerized calculation based on an optimization criterion (Figure 1).

ANALYSIS MODEL

Description

The complete situation, comprising interrelationships among production, sales,
transport and storage of the production centres, is synthetized for analysis in a
simplified model. This model will ignore some of the details and concentrate on
the main flows of the product, whether chlorine, soda or potash (Figure 2).

The description of the model is completed by 25 equations which interrelate 57
unknown quantities, establishing the model limitations or balances. Of these 25
equations, the first ten are inequalities of the <= type, and the remaining 15 are
equalities.

These 57 unknown quantities and 25 equations (described in the following
points) model system behaviour during a UT. This involves assembling a
set ofn blocks to model system behaviour throughout n UTs. During assembly,
the algorithm it-self requires that then blocks of 10 inequalities be placed
first and the n blocks of 15 equalities second.
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The global model is set out for treatment in a matrix A of coefficients with
57xn columns and 25xn rows, a vector B of independent terms of 25xn ele-
ments and a vector C of coefficients of the function objective with 57xn elements.

Variables Employed for a Unit of Time

- Chlorine production at a centre
- Difference between final stock of chlorine at a centre and minimum stock

admissible
- Transport of chlorine from one centre to another
- Transport of soda from one centre to another
- Transport of potash from one centre to another
- Production of soda in a centre
- Production of potash in a centre
- Difference between the final stock of soda at a centre and the minimum

stock admissible
- Difference between the final stock of potash at a centre and the minimum

stock admissible

Equations Reflecting Model Functions in a Unit of Time

a. Inequalities (for each centre)
- Production of chlorine at a centre <= Production capacity
- Difference between the final stock of chlorine at a centre and minimum

stock admissible <= Difference between the maximum stock and
minimum stock of chlorine at the centre

- Difference between the final stock of soda at a centre and the minimum
stock admissible <= Difference between the maximum stock and
minimum stock of soda at the centre

- Difference between the final stock of potash at centre and the minimum
stock admissible <= Difference between the maximum stock and the
minimum stock of soda at the centre

b. Equalities (for each centre)
- Balance equations

Production - remaining stock + previous UT stock + result of inter-centre
transportation = demand of product at a centre

- Equations of parametric compatibility
Sum of parameters x(1) +x(2) + x(3) = 1
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Coefficients of the Function Objective

- Unit cost of chlorine stock at a centre
- Unit cost of soda stock at a centre
- Unit cost of potash stock at a centre
- Ordinate of the CPCX curve (production cost)
- Unit cost of inter-centre transportation

Creation of the General Model. Relationship between Two Consecutive
Units of Time

The model created for analysis of a period of time of n units is based on
the model corresponding to one unit of time, while considering the following
aspects:

Matrix A

- Matrix A of the system may be split up into two submatrices A1 and A2
containing the inequality and equality equations respectively, fo all the months
of the analysis period

- Each of these matrices, A1 and A2, consists of a set of elemental boxes
centred diagonally. Each box corresponds to one of the elemental time units
of the period being analyzed. Apart from these boxes, the matrix is almost
completely constituted by nil elements

- The elemental boxes are all formally identical to the matrices Al, Bl, Cl which
describe the standard month, and differ only in the variables which change
from one month to another (cost, demand, etc)

- Appropriate increases for the indices of row (i) and column (j) permit the
description of box k. in matrix A1 or A2 on the basis of the first.

- Between every two consecutive boxes (k and k + 1) of matrix A2 (equalities)
there are non-nil elements which reflect the relationships between units of
time associated to remaining stock

Vector C

- This vector is generated by ordered juxtaposition of a set of elemental vectors,
each of which corresponds to one of the elemental time units of the period
being analyzed



8th International Logistics Congress 51

- The elemental vectors are all those which are identical, as far as the
significance of their content is concerned, to the coefficient vector of the
function objective corresponding to the base unit of time

- Appropriate increases in row (i) indices permit the description of the
elemental vector k.ésimo on the basis of the first vector

Vector B

- This vector is divided into two vectors, B1 and B2, which respectively
contain independent terms of the inequality and equality equations for
all the months of the analysis period

- The B1 and B2 vectors are each generated by ordered juxtaposition o1
a set of elemental vectors, each corresponding to one of the elemental
time units of the period being analyzed

- The elemental vectors of B1 and B2 are all identical, as regards the
significance of their content, to the vectors of independent terms corres-
ponding to the inequalities and equalities, respectively, of the base time unit

- With appropriate increases for the row (i) indices, the elemental vector
k.ésimo is described on the basis of the first

- In the case of the first time unit, it is necessary to subtract the increase over
the minimum stock of the independent term. If the difference is negative, the
entire equation -ie the coefficients of the corresponding row in the matrix and
the independent term- is multiplied by -1.

- In the case of the first time unit, the initial stocks play the role of the "previous
time unit" stock and the differences

[X(i)+minimum stock]-[x(i)+minimum stock]

(where X(i) is the stock increase over the minimum stock in the previous UTand
x(i) the same parameter in the present UT)

become [initial stock]-[x(i)+minimum stock]

and therefore it is necessary to subtract from the corresponding indepen-
dent term (demands), the number
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initial stock-minimum stock,

if the expression

demand - (initial stock-minimum stock)

is negative, the entire corresponding equation must be multiplied by -1

- In the case of the final time unit, if the final stocks have been established, the
differences

p<(i)+minimum stock]-[x(i)+minimum stock]

become [X(i)+minimum stock]-[final stock]

and consequently it is necessary to subtract from the corresponding independent
term (demands), the numbers

minimum stock-final stock.

As the final stock has to be greater than the minimum stock, the expression

demand - (minimum stock-final stock)

is always positive.

Numerical Type Modifications

In order to improve the numerical characteristics of the model, the values relating
to the terms which appear in the matrix are homogenized, and the following
modifications are introduced in the order given:

- The coefficients and independent terms of some equations are multiplied
by one thousand; in this way the independent terms become homo-
genous in the order of magnitude

- The coefficients of the unknown quantities "storage costs" and "transporta-
tion costs" are multiplied by one thousand in some equations; in this
way the orders of magnitude of the independent terms and of the matrix
coefficients become homogenous
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All these modifications, which are exclusively numerical in character and lead
to homogenization of the numerical values appearing in the system matrices,
are considered a posteriori when the numerical values of the solution are crea-
ted and the complete solution is obtained in terms of parameters of the model.

CAPABILITIES OF THE COMPUTER SYSTEM

The software application which has been developed to apply the model described
permits management of the following parameters and aspects of the problem:

- Demand situations
UT number
Duration of the UTs (variables)
Demands in each UT and centre
Unit costs of transport
Unit costs of storage

- Creation of situations of demands on the basis of others already defined.

- Cost-Production curves.
Table of abscissas and ordinates for each centre and unit of time.
Selection of points which will be used in the analysis.

- Creation of a set of cost-production curves on the basis of another already
defined.

- Pairing of demand situations with sets of cost-production curves.

- Numeric analysis of the problem with the possibility of establishing centres
which participate in the analysis, final stocks, ratios between the pro-
duction of chlorine and that of soda and potash.

- Interpretation and presentation of results.

- Management of a history of analyses performed, situations of demand crea-
ted and cost-production curves defined.

CHARACTERISTICS OF THE COMPUTER SYSTEM

The application has been developed in:
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- Clipper and DBase IV tables for the data management aspects
- FORTRAN 77 for the numeric algorithm

The application may be run in a PC which has a 2-Mb RAM. At a speed of 25 MHz,
an analysis of 12 units of time requires an execution time of about 30 minutes.

CONCLUSIONS

A computerized system for economic optimization of production should serve as
an aid to the economic analyst, permitting him to simulate the entire analysis
scenario and to act on the different parameters which define the status of
demand.

Non-linearity of production costs may be obviated, with an acceptable degree
of precision in the results, on substituting the production-cost curves by
piecewise linear functions, as long as the analyst has the possibility of acting
on the selection of the curve points which the system will use in calculation.
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Pricewise Linear approximation of a function

Importance of adjacency in approximation

Figura 1.
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