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L. 1

FOREWORD

Scope of Report

| I N N The economie feasibility of an industrial
plant can be rationally ascertained once market studies
have been carried out to evaluate the amonnt of expec ted
sales, alangside with studies on the procurement snurces
of the raw materials requiredl.

It should be borne in mind that both the sales mar
het and the procurement sources are the same for the Vg-.
rious industries which operate in a certoin region and,
in this sense, these industries can therefore be conzide
red interconnected.

All the industries in the same region contribute
in its ecanomic development and cach of them shonld fit
into the overall economie frameworh without causing any
unbalance in praduction.

The industrial plants operating in a certain re-
gion way he considered as forming a complex system the
optimization of which should be aimed at in the dynawie
process of industrial development.

In evaluating the economie feasibility of an 1n-
dustrial venture, the likely perturbation of the exist
ing situation shonld be taken into aceount, and an esti
wate of the probable positive and negative consequences
shauld be wmade.

In order ta do so, one ms=t have the techniral In
struments allowing the control of the entire present and
prospective indnstrial activity in the region conco rned.




d

1.2

1.1.2. LLC lave dealt with several problems of
this nature for Lhe solution of whieh they havo formn-
lated aud tried out appropriate media. This report gi
ves u deseription of sowe of the procedures perfected,
mainly outlining the objeetives of eaeh study and the ‘

guiding principles followed.

The exauples referring to hydroelectric plants
4ll regard cases which were pnt into pructice witl sa-
tisfactory results. .

Objective of Studies Performod

1.2.1, lthe studies carried out in an organic
form frow 1960 were dosigned for the following two pur
po ey

& Optimization of the solution of the probleus
considered

b.  Optiwmization of the organizational work sy-
stewm with a view to achieving the best possible results
within the shortest time and at the lowest cast.

nfforts were coucentrated, in brief, at selecting
and working out the most appropriate methodology to
tackle and succeoss fnlly solve the wost complex probleus
under investigation, witk particular reference to the
hydroelectric power i ndustry.

M™e "best possible solution” is econsidered to he
that which i3 the wmost sutisfactory, at the time of .) '
iIts implementation in the light of the economic aud po
litical sitnation in the region concerned.

The technical optiwization is intended to supply
those called upon to make decisions with as clear and
complete @ picture as possible of the technically prac
ticable solutions for the specific problems concerned.,

In cousideration of the complexity of the pro-
blems involved, the most appropriate and powerful media
Were resorted to right from the start; LLC for this
purpose euployed the experience and cooperation of the
calenlation centers of 13M Italia and of Olivetti, Di
visione Klettronica. -

In the course of the studies, some of the inj-
tial ideas were readjusted, new concepts were introduced
and a4 coertaiu nnwber of procedures developed to g
higher degree as appeiared wore suitable in the light of
practical results.

For obvious organizational roasons, these studies
had to be confined within reasonable time and cost limfts
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aud had to yield concrete results in the short run, with
out interforing with the normal design work. -

The discipline eventually proved to have a benefi
cial influence on the enginceriung work as it cumpelled-
the engineers involved to focus their attention on only
the essentiul lines, thus helpiung to refine their capa-
city of analysis and synthesis.

Guiding Principles

A coertain number of guiding principles were esta-
blished right from the start and constantly followed,
thus helping to make the team work unitary and organic.

These guiding principles can be summarized as fol
lows: -

ae Delimitution of the objectives to be achie-
ved and of the field of action of the various engiuneers
Involved

b. Freely critical analysis of the conventional
procedures

c. Definition of common general principles for
all the problems investigated.

At the outset of each study, great care was ta-
ken that the sceope of the study and the ohjectives to
be attained be clearly defined, thus giviug rise to a
comnunion of ideas ond intent among the various wmembers
of the teauw.

In the choico of caleculation procedures, the con-
ventional methods of analysis have been adopted only in
those cases where their conceptunal validity had been
thoroughly ascertained. Attempts were then made to ge
neralize the procedures for the singling out of the cle-
ments of general interest, thus making it possible to
sxtrapolate the results obtuined to different fields of
avvlication,

The fixing of the liberty of investigation ini-
tially gave rise to some di ffienlties but the advantages
obtained have been woteworthy, under the following main

aspects:
- concepts and procednres which proved obsolete and inu

dequate were 3et aside
- new procedures with a high degree of efficiency were

developed




- the engineers were assisted in thg use of constructive
criticism and creative fuculties */

l) O thiy itom o0 ong iderstiong of K.K. Liu[g, in ‘m,.‘ and Pllie p.“., in
Water ".00"" “"m“. M ?, ‘.gimﬂng and Emi“ n PMM Plann
ing, 0M State Univers:ty Fress, 14 )

L




2.1

2,2

Concept

An industrial plant is basically a technical means
of producing gonds or facilities required by the communi
ty. Its implementation must he justified by the exi- -
stence of a market capable of absorbing the expected pro
duction and by the possibility of econonical prncnremenz
of the raw materials to be processed.

The plant must be designed and conceived so as to |
turn out its products with the highest possible degree :

of efficiency. A series of industrial piants serving

the same market form a complete system which can be con ‘
sidered interconne~ted, as cach plant mntually condi- - }
tions and integrates with the others. \

Industries producing the same goods can be regar-
ded as directly interconnected, whereas industries sery
ing the same market but producing Jdi fferent goods may
be considered indirectly interconnected.

The concepts ontlined above na turally apply to
both developing and developed countries, regardless of
their political systems,

Mathematical Model

The planning of an industrial plant, including
the relevant market stndies and the investigation of
procutrement sources, is in general rather complex,due
to the large number of parumeters involved, each with
its own variability interval.

It is therefore necessary to develop appropriate
media for the anilysis, as well as for checking amnd re
presentation of the project. To aehieve this purpose,
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2.3

-6 -

the project sliould be hroken up into schematic 1ines
through a process of unalysis consisting in the trac-
ing of its basie olemonts and then, through & process
of synthesis, the reconstruc tion of the logic of project
unit should bhe achieved.

In this way the mathematical model of the project
is obtained after having clarified the terms and dimen-
sions of the projectiit then o ns the technical basis for
further elaborations.

1f the mathematical models of different plants
are connected with cach other in time and spaceo, we ob
tain the mathomatical model of an industrial plant sy-

3 tom.

The numerous instances in which this procedure
has boen upplied confirmed its validit,, regardless of
the complexity of the problems dealt with,and of the
type of subhsequent elaboratiors, or the technical means
employed.

Simulation

Once the mathematical model of the plant or sy-
atem of plants has been ohtained, one can apply to it
the technique of simulation which consists basically in
artificially reproducing the production prucess, accord
ing to probable hypotheses.

For instance, once the featnres of the different
plauts have been fixed, one can simnlate the finished
goods, with the determination of the relevant quantitie:
and times of production.

Or, the other way round, on the hasis of a given
demand of finished goods, nne can simnlate the produc-
tion, tracing buack the quantities and times of delive-
ry of the required raw materials, thus making it possi-
ble to check their availability and orgianize their trans
portation.

In practice, checking procedires are adopted which
can easily be extended to a large variety of hypothesec
and also allow the solution of design prohlens.

Stochastic processes can also be reproduced in the
similation and this possibility will help considerably
in guining a better knowledge of certain components of
industrial development which have not so far boen tho-
roughly investigated.

-
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PRACTICAL EXAMPLES

Hydroelectric Plant

3. L. 1. A hydroelectric plant is an industrial
plant utilizing the runoff of a catchment basin for the
generation of energy.

Runoff can be considered of a stochastic 2) natu-
re, yhereas the demand of energy is of a prevalently de
terministic character.

A hydroelectric plant consists basically of a re-
servoir, a diversion tunnel, a surge tank, penstocks
and a power house, as shown in fig. 1.

Conceptually, we have a storage capacity which is
fed by the natural or regulated flow from other reser-
voirs and serves its purpose by supplying energy accord
ing to demand.

The queuing theory 3) in which each separate de-
mand is considered in turn, applies to this problew
and interesting applications of it have already been
achieved.

For the sake of simplicity, though this is concep
tually less correct, we can also consider that the wmea-
sured flows are led into the reservoir in their chrono
logical sequence.

Provided that fairly long observation periods ure
on record, this method may nevertheless yleld sufficien
tly indicative results.

The models prepared by ELC were laid out 80 as to
make it possible to utilize ei ther procedure.

2) ‘n these iteme sed. Ven-te<Chow - | am.-Dock of pplive Uyarolugy = dection 8.1 and

attache. referencas

P AP YUGpen : Y neory of O Re o.r Degign = Austrialian Jour.
3) o't o %la,,vi.,r"ﬂe:ﬁﬂ,?!ﬁl L an Jovr
\.B. Lepryrnein : d&mg hour{ 1y er Storaje Proced ings of ASCE, paper 1811
. octlober
éy A of pter \'omgee systums, “srt 17, Crapter 14, Hawar;

sity "ress 2
For more cemplete nlfonm‘o soe : Von-laChow, ~andbook of Applied Hyirology




SC/EME OF A MYDROELECTRIC PLANT

Max. level -
N

e33R S

Min. level~" C

__$~— Surge tank

~— Penatock
)

Power station

Fig. 1

DN



ron

+

3.1.2, The mathematical model of a hydroelectric
plant is, conceptually, rather simple. (fig. 1)

The reservoir may he filled to maximum water level,
to minimnm water level or to an intermediate level.

The flow requirements may be higher, equnal to or lower
than the natural flow in the same time interval.

If the reservoir is filled to maximum water level
in the first instance a certain amonnt of water will be
3pilt, in the second instance the waterline will remain
at maximum level, in the third instance the level will
subside.

If the reservoir is drawn down to winimmm water
level, in the first instance water level will rise,with
or without spilling over, in the second instance it
will remain at minimum level and will meet demand, in
the third instance it will remain at minimum level but
will be unable to fully meet demand.

In intermediate cases, water level will rise (ei
ther spilling over or not), or will subside ( either meet-
ing demand or notj.

These basic ¢oncepts are worked out and applied
indifferently to water or energy demands, taking intoe
account such elements as evaporation losses, particular
operation standards, etc., thus achieving very complex
and highly perfected models.

llydroelectric Systems

1.2.1. A certain mumber of hydroelectric planhs
feeding the same network form a byldroelectric system )

An example is attaclied hereto of calenlations ma
de with an IBM 704 computer on a system of three inter-
connected hydroelectric plants referred to as A,B and
C.

The load diagram of the network and persistency

(i.e. the time in percent during which energy demand

must be fully met) were given. In the case under con-
sideration, persistency was taken to bhe 950

I) Cn this itow see: ".J. Lewis ani L. A, Ssamakerdyirosystem Power Analisie by digi
tal computer - Peogecuing of ASTE, Mgy 1962
Y. Gramigneni, L. Bernard - Estulio de un Sistema de Plantas Hydeg
electricas con elaborador electronice der “cngresc Porvano de
Ingonieris [18ctrica = Lz 763
F.r rafopanzes see: “anibook of Anplied Hyircloqy and Prsiyn of »ater Resoupce
Systems (previously indicated)
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PMauts A and B belong to the same watershed and
are placed in series, while plant € is located in a dif
ferent watershed.

In this case, afflnent flows were considered in
their enronological sequence and the relevant averages
have boen worked out every ten days.

1.2.2, Prior to starting caleulatious, the tech
nical features of the plants, as summarized in Table 1,
must bhe defined, as well.as tho specific function assi-
gned to each plant in the interconneeted systeu. In
the case under consideration, plant A supplies enorgy
according to its own technical features and of the run-
off from its direct watershed, plant B supplies energy ') ‘
to make up for the deficiencies of plant A, while the
purpose of plant € is to make up for the deficiencies
of A+B,

n the whole, the three plants weet demand with a
persistency of 95%, which was traced back through a se-
ries of successive approximations.

The prodnctive capacity of the plants having thus
been obtained (table 2), the problem is to choose the
most appropriate distribution of the capacity to be in-
stalled. If, for instance, the load diagram shows a peak
equal to twice the average capacity, in the case of a
single plant, the capacity installed shonld be twice the
average. In the case of two separate plants, if these
have different operation periods, a capecity fonr times O ‘
the average should be provided.

As the operation of the plants in . systew iy com
plementary, all probable combination should he examined
with a view to optimizing the choice of the capacitios
to be installed in each of the plants.

This resecarch which is generally rather complicat
ed i3 carried ont automatically through an original pro
cednre developed for the specific purpose.

Once the installed capacity has heen defined, the
dimensions of the diversion works and power house can be
fixed, on the basis mainly of technically permissible
velocities and diameters.

The results of the dimensioning study are set forth
in table 1.

Unce the dimensions of the different works have
been fixed, it is possible to estimate their cost on the
basis of the unit cost tables expressly prepared and fed
stored in the computer's memory. The results obtained
are shown in table 1.
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'iubseqnently. for the sake of convenience, the
principal summarized results are obtained, us given in
table 3.

The logic process described above i3 schematized
in the flow chart which appears in fig., 2.

Optimization

kLvery technical or economiec hypothesis has its cor
responding optimal solution which is inlicated by the
computer.

Grouping the various hypotesis and waking them
vary within appropriate limits a su fficiently large ae
ries of solutione is obtained to make it possible to
define the range of solutions in which the optimal so-
lution is sure to be found.

The relevant basic results can be set forth in the

form of a diagram s0 as to make them self-gvident.

An example of such a representation is given by
fig. 3 drawn from a study, completed in 1962, an the in
terconnec tion of hydpoeleetriec plants.,

kvery single polnt along the continous lines re-
presents an optimized sy<tom, woll defined i all its
tochnical and econumie aspeets.

6
For instance, if a generation of 1300, 10 kWh/year

is to be obtained, it is advisable to adopt the D+E+A
system which calls for a lower unit capital investment
than the D+E+(A+B) systom or other al ternatives.

If however regmirements ure expocted to exceed the
abovomentioned fignre, D+l+(A+R) system should be selec
ted as this allows generation np to 2300,106 kWh,/year.

In the light of a representation of this type, tho-

se called upon to make decisions can easily make their
chaico, taking into account also snch additional econo
mic and social factors as may not be known to the engi-
neers.

e -
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Fig. 3

1

b —————t

GENERALIZATION

Invariants

Any industrial plant can be treated with the same
methodology us dederibed in the case of the hvdroelec-
tric systeu.

The position of the problem therefore reuwains
the same in relation to any plant whatsoever, of
an industrial nature. This alse applies to any pro-
blem the purpose of which is the optimization of any
service for the processing of products.

In the specific case of the hydroelectric plant,
the river, the reservoir, and the other basic compo-
nents shown in fig. | are also invariants, as they are
to be found in all hydroelectric plants.

Within the framework of the plant layount, some of
the invariants can be equalled to zero withont destroy-
ing the logic of operation.

Be, for instance the reservoir = 0, we will have
a run of the river plant; if the power station =0 the
plant will generate no energy but it will supply water,
say, for irrigation purposes.

Once the invariants in a problem of flow utiliza
tion have been singled out, the same mathematical model
can be applied to power generation problems or to pro-
blems of water supply for irrigation or for multipnrpose
solutions.

Once the invariants in common hetween a problem of
flow utilisation and one of industrial production have
been singled out, one can utilize the same mathematical
model structure in dealing with a hydroelectric plant
ard with an industrial plant destined for any other pur

pose.




The raw matcerials for an industry can be compared
to the flow tu be utilized; the finfshed product of an
industry can be comparcd to the power produced by an hy
droelectric plant.

The logic in the producing process is therefore
nalogous, and such is the structure of the mathematica
wodel .

Taking into account a system of plants the analogy
persists, since the logic of the interconncction is identical.

The =ingling out of the invariants is fundamental
for the correct formulation of the various problems and
is of considerable practical interest as it affords the
possibility of applying the experience gained in the stu
dy of one problem to another problem apparently quite " .
di f ferent.

a
1

1.2 Parameters

For the solution of any problem, one resorts to a
series of logicaul and numeric relationships which form
the algorith of the problem. The problem is represen-
ted by the algorithm by means of parameters that can
be defined as the minor and indivisible functional ele-
ihents.

In the case of the hydroelectric system described
above, the parameters are, for instance, the different
compoments of the plant such as tunnel and penstock,
together with the related technical and economic ele-
ments which would appear meaningless if considered sepa
rately.

The parameters do not have an absolute value like
the iuvariants, as they are linked with a specifie pro-
blem and {ts dimensions and nay vary according to the
degree of accuracy required.

The fixiug of paurameters is of paramount importan
ce in the preparation of mathematical models which
practically consists of single parameters logically in-
terconnected.

{.3 Exangles

The studies,based on constant attempts towards ge
neralization, through the research of invariants and
parameters gave excellont and sometimes unpredictable
results.

In the field of water resources utilization, it
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was possible to achieve extremelv flexible mathematical
models by means of which similar problems can he repre-
sented, tackled and solved.

The possibility of awitching from one ficld of ap
plication to au apparently different one has heen repea
tedly confirmed.

In KLC 5), for in<tance, use was made of a pro-
gramme prepared by Olivetti-Divisione iletilrpnica for
the calenlation of 2=dimensional frameworks ° for the
solution of rock mechanics problems.

The staff who prepared the programme cortainly did
not have roch mechanics in mind bnt the stndy was well
laid out in general terms and was found to afford effec
tive media which could he applied to fields falling ont
side the original scope.

Also the queuing theory proved to have a very
vast range of applicability, as it allows investigation
of 81l those phenomena which can be represented by a net
work consisting of nodes and oriented ares.

By this theory, it was possible to ntilize practi
cally the same programmes for both job organization and
urban traffic problems with highly rewarding practical
resnlts

§) 4 mote of P.J. Fulberth has been presentec in 15th Colloguium on Safety in Rock
Engineering Selzburg replember 1964

R) A Pizearello - Risoluzione Jdi Problem: di statica delle costruz oni mediante un
elaboratore alettronioo « Clivetti J.p.-.

7) . Crawmigani = L. Magzon = Teaffic in Towns with Historical Monumental Area
Firat Mueting "Read Traffiz leomniqud® = ACT = BF - Falermu « “agy.u 1764
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CONCLUSIONS

Industrial plants are systews which should be stu
died with appropriate methodolougy and technical wedia.

The technique of sinulation, with mathematical mo
dels, affords considerable advantages, as it allows the
obtaining of satisfactory results in problems which could
not be resvlved in a practical manner by the conventional
wmethods of analysis.

Every single problem should be laid out in terns
48 general as possible, as this alluws the utilization of
the sawe media in apparently different fields of applica-
tion.

A process of the werging of technical branches . .
that were originally considered different is now taking
place. Such a prucess is made possible by the present
availability of certain very powerful calculation instru

The methodologic prublom should be studied with
particular attention as it can afford the partial solution !
of complex problens. ;
This should be taken into consideration by the U.\,
| experts when proparing the envisaged Manual on Industrial
Project Evaluation.
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