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.aldor Topuge
Vedbaek Denmark

Heldor Topsﬁe has for many yeors been involved in the use of digitzl computers for
design ond opcration of zmmonic plentu ond other types of chemic:l plants. This paper
will describe some mcin features of the work that nos been done in thie ficld end the

cxpericnces that have been geined.

The dcvelopment of computor progrimmes for plant design storted cbout 1357, ana

3incec then o large number of programmes his been dovelon.d covering such ficlac s

1) kinctic calculation of - variety of converters and recctora

2) czloulation of heat cnd actericl buloncas ia

loots 20 in porte of nlinta

3} nmecheniccl celeulations of piping o stemg, pressurc shells, flengcs, ote,

1)  stotisticcl cntlysin of %inetis dete from owr Lo borctory ¢nd otier crperinentdd
date

5) calculation of distillction columns, cbsorbers, heet cxchongers ote.

6) thermodynamic ctlculetions including chemiecl oquilibric

7) mathemotical czlculations, espeeciclly for optimizotion and polynomicl
opororimation

These progroumes have meinly boon uscd for two purposis:

¢} TDeeipn of plants

| l/ The vicws ond opinions cxpregacd in this papor o~re thosce of cuthor
end do not nccessarily refloect the vicws of the sccretoriat of UIDO.
This documcnt hes been roproduccd without formzl cditing.
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b) Tveluction of plint nerformonce ond capeciclly cveluction of the oner-iing
performance of cotalyats susplicd by Hioldor :Popqgfc;.
Sincc 1)64 scverel nrojects involving tic use of computcrs for optimizction, date
acquisition ond closced-loop control of ~mmonic plants in Hlungary, Poland and Kuweit have

alsc bcen undcrtoken,

In this conncetion = considoirceble crpertisce in devcloping efficicnt ond oclicble

mathemnticel modils of intcgrated chomicel plants has been developed.

Onc tool which hcs proven ecspecially useful in connection wiih design calculctions
and overcll simulation of integreted plants is the so-called GIPS (Qeneral Integreted
Progromming System) developed by | oldor Topsge. This highly integroted programming
systcm s well o5 mrny other of the working methods which hove been developed for simu-
letion ord optimiz-tion of integr~ted chemiccl plants will be deseribed in detcil in

the puoper.

Furthermorc, the cconomic justification for ucing computers for optimization and

on-line conirol of ammoniz plonts and similar plants will be dealt with, znd somc typ~

ical figures will be given,
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I. AINTRODPUCTION

The use of dirital compulers wythin industry, Llrade, re-
gearch, administrotlion ete. hus dcvelused and expanded very ra-
pidly since the firs: commercizlly svailable computers were in-
troduced about 1455,

Phe xind of tascks or which Lhey nave heen used can nainly

~

be divided inte the lollowing three muro groupo:

l. Administrative deta -pros2soirg
2. Off-line technical and .lealific ceiculetiuns
! 3.,  On-line procezs control

0f these tnree groups we mainly will heve dexl with the twe
lust mentcioncd areans.

One feature wricn :s very typizal for *he uge of computers
within all fields 1¢ s~ extremely vapid technical development
towards s8till more powerfnwl  oaepemiag and pelinbtlt zumputer
hardware, — a develccmord «wa.2h iz still opening rev possibili-
tirs for more econom.s and efrircieni applications ol the conru-

ters.

However, to usc computcrs succegstully, efficient hardware
is not encugh. Anc'Ler peoblion - ant & ver, difflicult one - iw
to develop the adeauriz nowputor programs: the sofiware. It is
mainly with this I1~id we w2:l ueal in this paper. It ip @ fielid,
where very big amoun*s vi work has e been done curing the laient

10 - 15 years, and otiis renwdus o be done.
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1I. DEVELOPMENT AND US"™ OF. PROGRAMS FOh PLANT DESIGN

At HALDOR TOPS@E the work with developing programs for
technical calculatione in conneciion with design of various
types of chemical plunts started about 1998, Since then a very
big number of programs of Llhiu kind has been developed and con-
stantly been adapted (o newer casculation wmethods, new kncwledj
gc from laboratory researcs: ané operating planis, and to newer
generations of still more efficient computers.

These¢ programs could be 1ivided into the following main
groups:

1. Calculation ¢f chemical reactors for ammonia synthesis, i
methanol synthesis, stcam ceforming of hydrocarbons, wa- f
ter gas conversion, and »ther reactions. The programs
include numerical integration ot the reaction rate ex-
pregsicne and cal-aulation of heet transfer, tomperature

distribution, and pressure drop.

2, Calculaticn ot heat- und material balances in various ty-
pes 0. chemiceal plunle i paits of such plants.

3. Calculetions for mecchanical design of piping systems,
pressure shells, and sther cquipment used in chemical
plants.

4. Statistical analysis uf kinetic luboratory data. These
programs ineclude general type converter calculaticn
programs covering all typical catalytic rate formulas.

5. Caleuiation of disliilation columna, sosorbers, heat
exchaingers, and s.milar egquipinent.
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Thermodynamic coloulati s, esnecially “or guwe mixtures,
including calculstion of chemical equilibria,

Mathematical calculations including metrix operaticras,
polynominal approrvimaoion, optimization by respectively
rattern search, lincar programuirg or quadratic pro-
grammin, PERT~ analvsis et~.

The use of digital computers inycwnnection with the design

of fertilizer plants hus had a very cignificant effect on the
working methods used and upon the efficrency and accuracy of
the work.,

are:

b.

Ce

The main advantages by using computers for these purposes

the possibility quickly to perform much more extensive and
accurate process ralculations than without using computiers
makes it poseibie Lo evaluate a number of various alteraa-
tive solutions quitle caactly and thereby improve very sig-
nificantly the pngsibil ties to arrive at a true optimum
solution and at the most economic design.

the possibility Lo update currently the computer programs
used for design calculations by taking the latest results
from laboratury experiments, pilot-plant runs and actual
operations of plants already designed into acconnt engures,
that the design ic at any time based upon the latest avail-
able konwledge about process performarnce.

it gives the poseibility to engure, that all piocess calcu-
lations performed withrin & company are made on the rame
uniform basis, and that the methods applied are well docu=-
mented and can be checked at any time., It snould, however,
be avded, *hat in order to ohtain thisg advantage it is ve-
ry important, that & good documentution of oll programs,
that are used, is carried through,
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There is no doubt, that the trend during the later years
towards design of sti1ll bigger and more economic fertili-
zer plants has to a considerable extend been made possib-~
le thanks to the increasing use of computers for design
of the plants.

1I11. EVALUATION OF CATALYST PERFORMANCE

An importent area of application of the programs for cal-
culation of reactors and converters i1s evaluation of catalyst
performance.

Before a catalyst is delivered, the computer is used to
evaluate the amount and type of catalyet, which in a given plant
will give the best possible operating perrormance and catalyst
life-time.

After the catalysts have been delivered, aad the plant in
question has come into operation, a regular calculation service
is performed for all users of TOPSPE-catalysts, which renuest
such a service,

The purpose of thesc computer evaluations is tc frliow the
activity of the catelyst during its whole life-time and to de-
termine optimal operating conditions. If the reactor performance
is unsatisfactory in one way or another, a computer evaluation
may reveal this, long time before it becomes evident at the plaat. ‘
Thus, conclusions drawn from a computer study could make it pos- i
sible to take corrective measures at an early fime, which could 3

improve the operating cconumy of the plant significantly.




4
=
5
3
9
b
]
{

AR e,

e O

Furthermore reenlar commiter analysis of the catalyst per-
formance allow prediction with gocd accuracy o1 the time when
it will become necessary - or econoinically attractive - to re-
place cataivst, Accordingly the analysis of the actual perfor-
mance is often supplemcnied with a calculation of the perfor-
mance to be expecied, say, one year nence,

In other cases the computer analysis i3 supplemented with
calculations establishing the performance,which can be attained
at other operating conditions,which may be under consideration.

A consideradble number of the users o TOPS@E-catalysts are
using this calculation service. Besides the benefits the users
obtain from this, it also has the effect, that a big number of
operating data are currenily récexved by us, and this is ot
congiderable help by the current up~dating of the programs which,
of cqQurse, :s very important in order to obtair the vest possiple
and most realistic results,

IV. COMPUTER CONTHOL OF PERTILIZEP PLANTS

HALDOR TOPSOF has ever since 1964 been working with the
application of digital computers for on-line control of ferti-
ligzer plants. Among the projects,which have been undertaken, can
be mentioned:

IV,1.Pét - Hungary

The ammonia plant in POt HHungary, which was put into ope-
ration in 1969, was desifned for a nominal capacity of 420 me~
tric tons/day. The plant wag constructed by SIM-CHEM Ltd. (Simon-
Carves Chemicnl Engineering Ltd.) of U.K. using technology deve-

TSN AN . Bl = PUTL. o A
loped by HALDOR TOPSUE.

R St Y g~ . .
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The hydrocarbor. fecedstock for the plant is natural gas,
but for short periods naphta may be used. The compressors used
are of the reciprocating type.

The Lungarian client was just from the very start of this
project quite interested in real.sing some kind of computer-
control of this ammonia plant. However, one feared that 1t would
hardly be justified economicilly to install a relative expensive
computer system in the Pét-Plant, which could only be used for
controlling this single plant.

Due to thesec fears a different approech was adopted:

l. On the plant a relsti:vely simple and incxpensive data-
logging system - a HONEYWELL type ADRT 1000 data handling
systiem — was installed. This system was able to perform
simple data-logging of some 200 measured process variables,
Besides printing log-tables, performing alarm monitoring
etc., this system is alco able to produce a punched tape
containing all the measured data.

2. By means of a telex transmission line the measured data
from the plant are regularly sent to a computer center,
which has been established in Budapest about 100 km away
from the plant. For this center a danish GIER-computer

has been delivered.

The data .rom the Pét-plunt are with regular intervals fed
into this cumputer, and by means of a comprehensive systiem
of programs, which has been established in cooperation be-
tween computer specialists from the "Hungarian Research In-
stitute of Automation™ and from HALDOR TOPSUE, the follow-
ing functions are perfornmed:

2.1, The measurcd data fed into the computer are checked
against errors ana inconsistencies arising from in-
strument or transmission errors.

2.2. A plant per'oruan.. cv.luvation 18 perfuracd, This
includes evaluation of irtpurtant ageing variables
8s catalyst activity fauctors, teat-exchanger fouling-
factors etc. The resuits of th.s are partly used to
update the gsimulaticn model of the r.ant, partly to
give the operation staff of the plant important in-
formations about the operating status »f the plant.

2.3. Optimization of the operation o! the plact. The op-
timization model comists mainly of polvnomials that
have been developed Dby performing a lsrge number of
calculalions cn the off-line simuilation model of the
plant, which has been cstatlished by HALDOR TOPSQE.
As optimization critericn one can use either:

a. maximum production rate, tak:n:;: the bottlenecks
limiting this production rate into account,

b. minimum operating cosats at a fi1xed production
rate, or

C. 8 combination of a. and b, corresponding to maxi-~
mum profit from the operation.

After the above mentioned calculations have been performed
in the computer center in Budapest, the results are sent back
via the telex transmission line to the central control room of
the plant in Pét, where the operating staff can, by adjusting
& number of sct points to the values calculated by the computer,
optimize the operation of the piant,

The calculations aiming at voptimizing thc plant in PEt are
only occupying the computer about 1 hour a day in average. The
rema ining part of the time the compute~ 11 used for a conside-
rable number of other tasks of interest for the hungarian che-
mical industry.




By choosing this aolutiun one has succerded in obtaining
a system, which is economically _ustified with a very ccnside-

rable wmargin.

The computler optimization system has now been in regular
operation in about 1} year and has during this time become more
and more appreciated by the operating staff of the Pét plant
as a valuable zid in obtaining the best possible operating sta-
tus of the plarnt.

A more detfailed description of this system is given in
ref, 1.

IV.2.,%.A.Pulawy 11 - Poland

The Fertilizer Complex Z.A.Pulawy, which has, during the
last 10 yecars, grown up in Folanda, about 120 km south-east of
Warsaw, at the Weischel river, is one of the biggast fertilizer
complexes in the werld. Among other things it includes 8 pro-
duction lines of ammonia with a total capacity of 3000 metric
tons per day. These 8 amuoajz units are all based throughout
upon fJALDOk TOPSWE processes and our firm has been deeply invol-
ved in the whole planning, design, construction and putting into
operation of this big complex.

"he designat.un Z.A.Pulawy 11, which is only a part of the
total Pulawy-complex, incluaes the fullowing units:

=3 ammonia units with a production capacity of 500 m.t.p.d.ecach,
-4 nitric acid units,

-3 ammonium nitrate units.

This part of the complex was construcged by a consortium
consisting of Simon-Carves Ltd. of U.K., VOEST of Austria and
HALDOR TOPS@E. This plant was put into operction in 1968,
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In this plan' a ircintive ama'l digitel cemputer of the
danish iype RC 40GC was ingst.alled, The task of this computer
is to eollect dute from all tre 10 preduction units of the
plant and perfaorm sueh relatively simple tasks as:

-hourly logging of ull measured Jdats {about 700 data are in-
cluded),

-alarm scanning including ebous “C % of the measured data,

~yield balance calculations, normally performed once every
8 hours and giving impurtant production=-, consumption- and
economy figures for all plant units,

-trend~loggins allowing the operator to fullow continually
any of the signals connected to the system,

~operator communication allowing thie operator via his input/
output typewriter to rcquest a number of various operations,
change of constants nrtc,

The system has now been in normal operation in about 2%
years and is giving the operating rtaff of the plant much help
in obtain .ng the informations they neeu about the operating
status of the plant.

IV,3.P.1.C. Kuwait

The F.1.C. fertilizer couwplex in XKuwait includes two 800
metric tons per day ammonia streams arnd two 700 m.t.p.d. urea
streams.

The ammoria units have bteen dcsigned fully by HALDCOK TOPS@E.
They are based upon naiural gas, relcasced from the Burgan fields,

a8 feedstock, and they use centrinpgal-compressore and radial
quench converters of tre special TOPS¢F-degign.




In this complex it wus Jdeciucd to install an advanced
IBM-1800 system *or nr-line c.omputer control. which should

perform the following main “asks:
For the tctal complex:

~ Data acquisition, with conversion of all the abtout 600 ana-
log input data connected to the system ‘o correct engineering
units, calculation of their short term averages and checking
of instrumeat 1igh and low limite against the instrument rea-
ding.

= Alarm scanning of bith alera contacts (atout 800 are connec-
ted to the system), and of & number of process variadbles against
their appropriate alarm lim:ts with corresponding printe-out of
alarm meesages.

= Trend-logging and/or recaritulation of stored data on opera-
tors request.

-~ Yield reporting ol important production and consumption fi-
gures every 8 or 24 hours.

For the ammonia p,ant only:

- Error cross cherhing ¢i the Piantl wmeasuremcnts against the
material-- anc heut-baianres they must fulfil in order to detect
measuring errors asd cstatlish a roncigtent set of measurements.

~ Plant performance e¢valuation including calculation of cata-
lyst ageing factors, heat-exchanger fouling factors, compressor
efficiencics, separator «ffrevennier. presgure drop ccelficients
etc.

=~ Over-all plani trtimzation taking intc account the bottle-
necke, whickh limit tpe profuction rate ol the plant,

- Closef~150n supervigery control by wajusting a number of ana-
log conircller sot poynts t, the.r ‘argft values calculated Dby
the over-ail Aptiaiza’,on Drograc and taking local short term
variations .nto account.




The communication betweun the vperators and the computer
is realized by means of twc Process Operator Consoles, which
allow the operator to:

- Select a process variuble and have 1t printed out on the
typewriter,

- Request the current value, short term average, high and low
&larm limits, target value ete. to be displayed on the consnle.

- Change the high or low alarm limit of a variable,

Take the variable in and out of service.

Suppress i1he alarm check.
- Request the status of a process contact.

- Select summary reports,

These operator consoles are placed in the control room
of the plant. The computer is placed in a room ad jacent to the
control roown.

The plant is at present being put into operation, and the
computer system has already curing the commisasioning period
been used successfully for detecting errors during the instal-
lation etc,

The computer control syatem 18 expected to come in full
operation during the autumn of 1971,

This system 15 described in further details in ref. 2,




V. BIMULATION AND OPTIMIZATION CF THE OPERATION OF CHEMICAL
PLANTS.

The basic problepme of cptimizing the cperation of & che-
mical plant car te iJdustirated ov Iig. 1.¢
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The aiw ~»* the optinicaiion in to engure, that one achie-
v2s the optimal volue of the optimization criterion.
A typicel cptimizacio. 2=ijterson i the hrofit from the operati-
on, i.e. the welling viion of the oroducel amount of end product
lesa the buyine nrice of tne corgumel wfaounts of raw productis
and utilities.

The scone of i (p-lone opt:mizetion is to adjust the
controlled varizablcs to ubtawr ‘him vptimn: status of the plant
ot the present rtatus n” the dinturbances.




The disturbances cuan Lo di1vicea 1rto:

1. Short terms d.sturbancea as:
-var.ationa in raw product cempositions,

-variations :n covling waler temperature,
~variat.cng 1r amb ent temnersture,

-variatiors in sell.ny jprice of «nd product and huying
prices ~f raw producis and utilities.

2, long terms disturtunccs ag:
-catalyst age.ing,

~heat-~excnhanger foulins.

The controlled variahlea are u number of important rlant
parameters gelectel tu ensure optimizing control of the plant.

Por an ammonia nlant typical controlled variables would be:
-gteam-to~-carbon ratic,

-fired reformer dutv,

=inle’ temperntures v Yif4 reactors ard ammonia converter,
=purge ra.e¢ in ammcnia synthesis loop,

-H2 to N2~ratio in thc synthesis gas.

The allowable vuriatinns of the controlled variables will
be limited by a numter of cnnstraints in order to avoid over=
loading of plant cquipment.

Typtcal congtraints in arn ammunia plant could be:
=Maximum reformes tube wu'l temperature.
=Maximun outlet t:mperature f{rom secondary reformer.

-Maximum aud minimuw tomperaturec in shift converters
and methanator,




=Maximum oregeivre vn cunthears Loop.
-Maximum loau on compressore.

~Maximum pressure anad tenperature of eteam.

Te sum wp, the scope of the optimization could shortly
be described as:

Calculate the set of values :f the seircted controlled variab-
ies, which for a given set of disturbance variables w.thout
exceeding the constraints wijl ensure the nptimum value of

the selectey criterion fun-tion.

The most important par: of the work needed in order to
golve this optimization protizm is to develop a reliable and
efficient simulation model ct the plant,

At HALDUR TOPSOE = very considerable work has been made
to develop methode for estab.isling cuch simulation models.

The basis for this work has been the desigrn programe, which
wae described carlier in uas paper. however, in order to estab-
Lish 2 gufficiert)y fagt ~i-2lgtiay mcdel, & considerable work
must be done in crder to:

1. Link together the progerams for each single process unit into
& model covering the plant ae a vhole.

2, Simplifyin;s this over-all model by substituting the quite
complicated singlc deusipn programs with Simpler - but suffi-
ci:ntly accurate - rolynomial expressions.

in order to solve thig problew two lategrated programming
syetems have been developed during the years:

The PLANT-1 system and the GIPS system (GTP5= General Integra-
ted Programming System),




The newest and mosl adve iced of these syutems is the GIPS
system. This system is very usefui, not only for developing si-
mulation models of chemicel plants, but algo for performing the
design of large plants in e wore systematic, flexible and inte-
grated way.

The basic philosophy of the system is illustrated by fig.?2
and fig. 3.

Fig.2 showe the conventional way of solving a complex calcula-
tion protlem by performing a number of calculations by
means of single independant computer programs. Between
each calculation tlie calculation results must be evalu-
ated and used for defining the input data for the ngxt
calculation.

Pig.3 shows how one can within the GIPS system combine such a
number of single calculations into one integrated calcy-
lation, where a nuumber »f various single programs will
exchange dala ULeiwecn vach vther withou. direct human ine
terference.
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The riost importany principlcs inherited in the GIPS sy~
stem are the following:

l. A fully flexible program structure, which permits the user
to build up a calculation for an arbitrary combination of ex-
isting programs withuut ascigtancce {rom a programmer.

2. An integratesd data structure, which makes it possible to
transfer data from one prougram tc another during the calcula-
tion.

3. Use of data grouup descr:ptione -DGD- which are formalized
pictures of aata groups. A cata roup 18 a set of data contai-
ning related informaticn.

4. Use of generalized programs for input reading, output prin-
ting, message printing and printing of input specifications.
The DGD's are mainly usted fcr th:: purpose.

The main advantages of the system could be summarized as:

1. New and complex calculations cun be carried out immediately
with use of the programs ava! able within the system.

2. Paster and more c¢fficient programming of new programe, becau-
se no programming of input/output is necessary.

3. The machine dependency 1s grratly reduced by the use of ge-
nerelized input/output handling.

4. 5 certaln standardizat.on cof the programs is achieved. It is
hence easier for one programmer to understand a program written
by another programmer within the group and it is easier to main-
tain a survey over all programs availuble within the system,and
to avoid overlapping of, and contradictions between several pro-
grammers work.

Further details atout the GIPS systems are given in ref.3.




V1. FEASIBILITY OF GOUMpukR CONTROL OF FuRTILIZER PLANTS.

One main question discussed very frequentiy within the
fertilizer industry is, if on-l.re coumputer control is econo-
mically justified at present

We have, @t HAIDUR TOPCURE, performed an inveatization of
this question. As a basis for thio study we rhose, as 8 typical
example, an ammonia plant with a production capacity of 1000
metric tons per day in one otream, based upon natural gac as
feedstock, and of thc modern type using centrifugal compressors
driver. by steam turbineg.

One thing we espccirally investiprated wasg the effect of
long term variations on the operating performance of such ¢
plant. We agsumed, thet the moat important controlled variables
were at the start-up ot the plant adjusled to optimal operation.
We then calculated Low the operating performence at the plant
would develop if:

1. The most importart contr.i1lcd variubles were kept unchanged
at those velues, which were ~he ontimal ones just after start-
up of the plant.

2. The said controlled variables were adiusted currently to
their optimal values calculated by au on-line computer, it.king
the long term variations (catalyst ageing, heat-exchanger fou-
ling, coupressor efficiencies, separator efficiencics, héat los~
ses and gas losses etc.) intc account.




The results of this cominwrigun ure shown in the table

below.

Per cent of nominal design.

Producsiicn
rate

Relative con-
sumptions costs

New plent, optimal operation 105,95 10,0

After 1 ycar without uptimization 101,9 10%,0

W " with " 104,6 102,6

After 2 years without " 98,0 107,0

. v *  with " 102,8 105,6
Table I.

The table uyliows, cuut alter 1 years ope.ation it was, by
meane of an optimization, possible to inereage the production
rate with 2,7 % and (0 decrease tne relative consumaption costs

with 0,4 %.

After 2 yeare operation the corresponding figuree were

respectively 4,8 % and 1,4 %.

It wight, of covrse, Le possible i1 clever operators to
obtain a part of these improvemecnts by adjusting the controlied
variables manual’y, but there 15 no doubti, that improvements at

least in the crder of 1,5 -2,0 % would, in a typical case, be

contributed bty using the computer ior ihe optimization.

Furtnermore we founs, ithat aiso other functions of the

computer would contribute t.~ improve the operating economy of

the plant.




Por instance tne piant performance evaluation will contri-
bute to ensure, that catalyst exchanges and heat-exchanger clea-
ning will be performed nt the srptimal time and with a minimum of
down-line of the plant duc to improveaq planning of such operati-
ons.

The more advunced monitoring of the plant status, which

will be made possible by an on-line computer, will also contri-
bute to reduce the yearly down-time of the plant.

Totally one 1inds in this study, based upcn actual average
world market prices of end prodauct, raw products and utilities,
the following figures:

Benefits U.S.§/year

Increase of production rate: 2,7% 161.000

Decrease of relaiive production

costss 1,1% %8,000

Decrease of down-time: 7C hours/year 51,000

Total 270.000
Tatle 11.

These tangible benefits shculd then be balanced against
the costs of installing computer control. These are rather dif-
ficult toevaluate, because the price range of computer control
systems is very large, depending upon hew sophistificated sy-
stems are chosen.

However, it is found, that a iypical average system would
to day cost about 350.000 U.S.$ (including goftware and enginee-
ring), and that the costs per year for such & system, including
depreciation, interest, maintenance and operation, would be
about 40 - 45% of th: total price, thus giving a cost per year
of about 150.000 U.o.8.




Thus it is sven, that th: benefits, which could be obtai-
ned in such & typical example, will exceed the costs with a ve-
ry considerable margin.

To this chould te added that this conparison only includes
the tangible benefits te be oxpe~ted. Te las one should further
ada the aon-tangibtle bcaef. t3, which are ol'ten »f considerable

importarce, when dccisions concerning reai.zat:ion of computer
control shail be takern.

Further details abtout tihis feasibility study are given in
ref. 4,

VII. PFUTURE TRENDS CONCLUSIONS

The future trends concerning the development of the use of
digital computers within the fertilizer industry - as well as
within other {ields - seems mainly to be dominated by two trends,

1, The rapid developnment, wtich we have seen during the last
15 years towards cheaper, mcre ctficient and mere reliable hard-
ware, atill seems Lo continue and to cpen up new possibilities
for attractive appiications of d.gital computersas.

A very inceresting feature 1o the development of small low-
cost so-called "mini-computers®, by means of which smaller Jlini-
ted tusks cen be golved at very 1w hardwarecosts. (lowever, one
should not forzet., that the miri-computers might in many cases
require relat:vely much programming work, because the available
programming systens are less developed than those >f the bigger
computers).

In the other end ¢f the spectrum one has the development

of the big and s.ill more efficient computers, which for inst.




by means of tre gtiyl nore Ao redoned use D AN LpToetaii ne -
and iime-sharing tzchniques, can offer & ~t;1} more attractive

ratio betweer commutin~T rower and comruting costs,

2. The othe: treand 15 the deveiopment or the software stde
towards still more intosraed concents. Whern talking about the
design of feriilizer plant., Lhig rrens meusr. a dovelopment Lo-
wards integraiingr oll Jhe variour trhoviticis

basic precess celaction and ~hemicul desisn - vacic mzchanical
design - detu:lea mecharical dewniyn - piping des'gn - instou=
mentation de:.En - project alm.a:sitation 2t imte one comma:s
tframework, wherc the use ot the romputer piays J 3111l more sig-
nificant rols, not least in wyire the whole work toge ther, ani
ensuring a meximum - f effic.oncy and cons.stency in the work,
and that the plant construc':d w.ll b2 reatly optimal designed.

When talking about operaticnn of ferdiiizer plants, the
trend toewards more oy rceaching integsreticn neans, that aysteus
are likely to be wealized, wnich will include st weld the di-
rect procesc-rcenirol applicaticr: aT nere 4duir strative task,
as over~-oll produciion planni, g ca3ce upomn aerketine conditions,
inventory control, accounting, nlanming of maintenance and modi-
fication. The core oi such wmere .ntenmrated systrns wouad ofien

be an advanced svotem for maiaganaent cntormstion,

It is 1:xely that suck 'ntegra’ed systems will include
several computesrs working tagether ine a so-called "hierarchical®
system, whici means that the direct on--1 ine tasks mizht b 801-
ved by smaller computucs-—~ L.inst. "mini-computere" - whereas
the more general over-all problemcinignt te golved Wy far bLig-
ger computars, and ofter so, tha. one sinele Lip computer would

be used for curtrui and supcrviaion of secveral plants, there-

by ensuring the mest econoni cse of Lhe computer hardwar o,
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One main probiem .n euch conplox systow i of cuouree to engure
a satisfactory tranemicreion .. ° {rn dnta betwren the various
computers on variocus lcvele. Thio is8 a field wherce considerable
troubles have beer. met untii now, but wherc a considerable de-
velopment also is wcking place.

Summing up, there is l:ttle douvt, that the development
in the use ol comuutermwith:n the fertilizer industry - as
within cther fields -, whic: has been so rapid within the last
15 years, will! not Le less rapid at least within the next 5 -
10 years to follow.

One major problem, which must bt solved, is to ensure,
that there will be the necessary number of spec.alists avajile
able, who arec qualified to solve especiailly the software-pro-
blems involved; these specialists must be able to combine a
sufficient knowledge about compu*er programming with a suffi-
cient knowledge about '‘he technical and economi: protlems, for
which the computers should be used.

So in the years to follsw the factor, limiting the speed
of development within this field, will not be the capacity of
the "electronic brains" as much as that of the human brains.
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