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In the field of general chemical technology, the role of process engineer-
ing is growing steadily. At the emergence of process engineering mainly the
complex interrelations between separate technological units “were studied.
In this work, in addition to the analysis of the single operational units, an
overall aspect of the complete technological process gained ground.

Bound up with the progress of process engineering, studies were carried
out which sought a method for the presentation of the process-flow within
chemical manufacture. In our Department it was Professor M. KoracH, who
initiated studies in this field [1].

As known, there are some accepted presentation methods for some
industrial chemical processes, part of them having been standardized. Some
design and project engineering firms have adopted special methods within
the frame of these standards.

Presentation methods thus developed were generally suitable to allow
composition of different operational units calculated separately. However,
practice revealed that a technological sequence thus constructed is liable to
allow botile-necks to appear which have to be removed by dispositions realized
subsequently.

A further complication was caused by the fact that quite often a new
plant could not start with the raw material foreseen at design, or that, due
to changes partly in the raw materials, and partly in marketing conditions,
deviations in the vields of finished products had to be accepted or provided for.

The rigidity of the mentioned technological flow sheets did not allow
the previous study of changes like these.

Progress in the theory of flow sheets is necessary also because the progress
in automation necessitated leading parameters to be recognized, and a flow
sheet must faithfully mirror possibilities of automation as well,

Thus the technological presentation method based upon the graph theory
introduced by Academician Koraca was of a great significance. Extensive
work was done in this Department in this field, resulting in the construction
of technological graphs for basic technological units,

These technological graphs are featured by single plots in the graphs
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representing allactors or reactors, while the connecting lines correspond to
technological material streams. Technological graphs are likely to be a step
towards the mathematical modelling of the technological production unit
expressed in the graph form.

This problem was further comphcated by the fact that recently the
process engineering of an entire system of production units has become neces-
sary instead of the process engineering of a single technological unit. Ever more
often plant combines are erected of which not only the production units need
to be process engineered within the frame of the combine but the combine
as an entity must be subjected to process engineering study.

As the science of unit operations has developed within the framework
of petroleum refinery practice, so progress in process engineering too is being
urged by the demands of petroleum processing and petrochemicals industry.

In the petroleum processing industry the principle gains predominance
according to which eight, ten, or even more technological units are sited and
realized as one closely joined technological whole. This principle prevails in
the case of refineries like that of CALTEX at Frankfurt a. M., that of ENI
at Ingolstadt, and in designs made by the Lengiprogas Institute in the Soviet
Union.

This design practice requires that the entire plant system should be
handled as a single process engineering unit, the modelling of which raises
several problems.

Attempts have been made in this Department to develop a network
model of complex technological systems, based upon results in the field of
graph-theory.

For an experimental model the plant system in erection at Szazhalom-
batta for a 3 million tons capacity of the Duna Petroleum Co. was chosen.

As known, this refinery, with a 3 million tons atmospheric and vacuum
distillation capacity, will produce fuels for internal combustion engines, some
aromatic hydrocarbons, lubricating oil, paraffin, bitumen, fuel oils, and ele-
mentary sulphur.

The choice of this model seems to be reasonable, because this petroleum
processing and petrochemical combine, when considered from the point of
view of process engineering study, presents to the researcher problems the
solution of which brings him closer to the solution of problems posed by
other combines,

The classical flow sheet of the model combine is given in F¥ig. 1. This
shows that the capacity of 3 million tons derives from two units, from a
1 million., and a 2 million tons vacuum distillation unit.

Pentane free light gasolines are brought into a reformer of 300 000 tons,
the reformate output is processed in an aromatic extraction plant. From the
aromatic extracts benzene, toluene, and mixture of xylenes are produced
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The gas oil distillates from the distillation plant pass through a desul-
phurizer plant where sulphur compounds are converted into hydrogen sulphide
with the hydrogen obtained in the reformer plant. From this hydrogen sulphide
elementary sulphur is produced in a Claus plant.

The fuel oil desulphurizer is suitable also for the desulphurization of
jet fuels.

The raw stock of the lubricating oil manufacture are partly the goudron
residues of distillations and partly paraffinic cuts. Goudrons are treated in
propane asphalt extraction units to yield bitumen and heavy paraffinic oils.
Paraffinic oils, after solvent (phenol) extraction, are subjected to treatment
for the removal of paraffin.

T araffin removed is separated from oil by a solvent extraction treatment
and .en subjected to refining. Oils free from paraffin, after hydrofining, arrive
in* the blending plant where the products are finished. The network model

this combine is shown in Fig. 2.

The network model of the plant system without an intermediary tank
park has to be studied from two aspects:

1. for the continuous operation of the system,

2. for the starting up and closing down operations of the system; the
parameters for the system must be known for both conditions.

Partly for the construction, partly for the evaluation of the network
already constructed, the following must be taken inte account.

Continuous operation of the plant system

Given product part times, or given plant times, pertain to processes
where given per cent composition of production is to be maintained.

When calculating with unit processing time, the lengths of pathways
in the network will differ, this will express percentages of the various capac-
ities.

The capacities needed for the individual plants or the correlated mutually
proportional capacity ranges derive from the technological process-times
referred to the unit mass of starting materials of each plant.

Determinant is the first plant (AV) of the system.

The necessary range of capacity of a plant is a function of the starting
material requirement, or of the range of capacity, of the receiver plant or
plants.

There is a strict correlation between the respective capacities or capacity
ranges of the individual plants.

Capacity ranges serve to import flexibility to the system.

For such a flexible (“labile”) system that needs constant supervision
and control, and of which the operational limits are given in a pre-set pro-
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gramme, regulation “in every second” of time can amply be provided for by
computer speed.

Co-ordination of the entire system makes regulation by computer accord-
ing to a pre-determined programme imperative.

Co-ordination of capacities at every instant is not absolutely necessary,
it suffices if this is assured for recurrent periods. In such cases product propor-
tions vary (starting materials coming from several places). Periods may be
different.

Within given ranges of capacity also the technological process (opera-
tion) may change.

The co-ordination of capacities, or of ranges of capacity, basis of the
programme, should be taken into account as soon as at the plant design stage.

For continuous operation, the necessary range of ecapacity is the suffi-
cient range of capacity. The lower limit of the capacity range is defined by the
economy of the entire system.

A change of capacity (within the given range of capacity) at any operation
of the plant operation sequence affects the entire system both forwards and
backwards.

Starting up and shutting down of the system

The conditions for the start up of the plant next on line must be assured
by the co-ordination of the capacity ranges.

The point in time of the start of the plant next on line, of the delivery
of the intermediary product or of the receipt of the substance to be processed,
depends upon the running to the full capacity of the technological process in
the plant in question; upon the points in time when the products appear.

The point in time of an event is the time when any plant delivers that
quantity of product which suffices for the starting up at lowest capacity of
the plant next on line.

As a compromise, during start-up operation, ratios of part-products,
or quality of part products, may differ from the final conditions prescribed
for continuous operation. If this cannot be allowed, then certain part-products
must be temporarily retained or storage space must be provided for them;
this can be achieved by an adequate modification of the technological process
or hy utilizing an adequately dimensioned pipe system for temporary storage.

Similar conditions prevail when the system is to be shut down.
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Network model of the plant system

The symbols used in a network model may be the following:

X event point of time when a product, or a substance to be processed, is delivered
or received,
— activity, a technological process that consumes time,
-- - apparent activity delivery of a product or of a substance to be processed,
that does not consume time in a continuous operation.

Event

With the exception of the first (starting) and of the last (terminal)
event, any event is a starting and a terminal event at the same time; it is a
terminal event for those that precede and a starting event for those that fol-
low it.

The numbering of the events is such that along the lines of operation
it always leads from an event with a lower number to one with a higher number.

The digit written above the symbol of the event indicates the earliest
possible point of time at which the preceding operation or operations can be
finished; this is at the same time the earliest possible time at which a subse-
quent operation or operations can begin.

The digit written below the symbol of the event indicates the latest
acceptable point of time at which the preceding operation or operations must
be finished; this is also the latest acceptable point of time at which a subse-
quent operation or operations must begin,

Where these two digits differ, the difference between them indicates
reserve time, If the event happens within this interval then the time of final
termination is not affected.

Where these two digits are the same, no reserve time is available, thus
from the point of view of the final term the event lies on the critical path
since its delay delays also the final termination.

Activity

The sign written above the arrow that symbolizes an operation refers
to, or names, the technology of the plant in question. The digit below the
arrow indicates the time needed for the processing of the mass of substance
apportioned to the plant. An operation lasts from the starting event till the
terminal event.

Apparent activity. Apparent operations indicate the delivery of products.
Above the arrow which symbolizes such an apparent operation the name of
the product is written. In a continuous operation no time is consumed by these.
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If capacities are co-ordinated, any given plant receives that mass of substance
it can process.

However, at start-up operations of the system the necessary composition
of the substance to be processed may not be available because the substances
arrive from various places and at various times to the individual plants. To
express this possibility, after the name of the substance a vulgar fraction is
written, of which the numerator indicates the earliest possible time of the
availability of that substance and the denominator indicates the still accept-
able latest moment of delivery.

What has been said in connection with the similar time data of events,
is valid also here,thus where the value of the fraction is less than one, the prod-
uct is delivered earlier than the terminal event requires it and reserve time
is available which necessitates either retention or temporary storage. In the
contrary case, the necessary composition of the substance to be processed
cannot be assured before the process does not operate continuously.

Produet delivery between plants where several products are transferred,
is noted by a single apparent operation according to the rules of network
construction.

In the network, the digit written after the name of the end product
gives the number of the various paths along which the terminal event for a
given produet can be reached from the starting event. The higher this number
the more complicated the production of the substance.

List of activities. The list of operations is an organic part of the network.
This list contains the symbols of the operations, the starting and the terminat-
ing event of an operation (in the sequence of the starting events), the time
needed for the operation, the designation of the operation, the points of time
for the possible earliest and acceptable latest beginning, for the possible
earliest and acceptable latest ending of an operation, and the reserve
times.

In the present instant, as the first step the through time for the net-
work was calculated according to the critical path method (CPM).

On the basis that plant capacities are given, and that within unit time
the individual plants can continually process that mass of material which
is their portion from the mass of material continuously fed into the plant
system within unit time, time data were assumed as being uniformly one,
or unity.

This condition being taken into consideration, it can be stated from
the network that the system can be operated continuously, without a tank
park of intermediary storage. This state is not disturbed by the fact that some
of the finished products appear earlier than at storage prior to delivery.

However, deviation of the capacity of whichever plant from this given
capacity affects the mass of substancereceivable and deliverable in unit time,
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and thereby affects product compeosition. By classical means this problem
cannot be solved but by intermediary storage.

The starting up of the plant system cannot be accomplished through
the operation of the plants at their given capacities because each product
emerges at another time. It seems to be more advantageous for both cases to
take into account, instead of fixed capacities, such ranges of capacities within
which a co-ordination of capacities assurves that disturbances in the
course of continuous operation can be offset, and the system can be put on
stream.

Based upon capacity-ranges, it is more advantageous to calculate the
entire programme by the PERT method.

Then for the triple time estimates of the PERT method, i.e. for the
optimistic (a), the most probable (m), the pessimistic PERT ESTIMATE (b),
the time data deducible from maximum, most probable, and minimum plant
capacity can be substituted, respectively.

From these the time to be expected is:

a-+-4m-+b

R N

6

What, in the PERT method, expresses the uncertainty of the occurrence
of an event (variance or scattering) gives, in the present instance, that range
of capacity by the help of which co-ordination of the individual members
of the plant system becomes possible or by which the system itself can be
controlled.

If, from technology or other causes, for any plant a given fixed capacity,
i.e. time without scatter, must be taken into account, then for this plant
this time without scatter, belonging to the given capacity is introduced as
a restrictive factor and the programme is calculated throughout on this basis.

As further tasks the following might be noted.

a) Determination of capacity-ranges.

b) Completion of a network model with the consideration of the auxiliary
substances of the technological process.

¢) Construction of a computer programme.

d) Study of the effects of possible variations of the plant system.
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Summary

Among the tasks of general chemical technology, process engineering assumes an ever
increasing importance. Along with the progress of process engineering went the studies which
sought also a method for representing process flow in chemical industrial plants. In this Depart-
ment, academician M. Korach was the initiator of the use of technology graphs, the develop-
ment of which resulted in the adoption of a system network for representation purposes. As
an example, the technology of a petroleum processing work with a capacity of 3 million tons
per year is represented by the usual block-scheme and is compared with its network system
designed according to the CPM method.
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