G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

=

LIMITED
1D/WG.60/4

8 June 1970
ORIGINAL: ENGLISH

Urited Nations Industrial Development Organization

—
UKIDO/DECHENA Seminar on Operation,
Maintenince, Design and Manufacturing of
Chemical FPlants and Ecuipment in
D:veloping Countries

EBnigstein (Taunus) near Frankfurt/Main
federal Hepublic of Germany
25 = 26 June 1970

N

j h m’lo- In‘. K.“o “it..l
Priedrich UHDE OmblN

46 Dor tmund
Federal Rcpublic of Jertary

3/ T:a views ami oririone expresced in this paper are those of the autier
and do rot recemsarily reflect the views of the secretariat of UNIDO.
This document hus teen reprcducad without formal editfng.

14.70-34%2




|
o

I
Lo

We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.

“

i

U

[




United Nations Industrial Development Organization

PVID0O = DRIV A = Somtiay on Gtesntion,
Yaintenance, Jesign ard hanutacrturing of
Chemical Pliants sard Feuirnort

in
Jeveloting Scountrion

K8nigstein (‘aunus) rear “rankfartain
Federal Republic of Germuny
?5 = 26 June 1970

1Y Y

BXPLOHATION Alid PLANNING OF
CHEMICAL PLANTS y

by

Diple= Tng AW iitzel
Friedrich UMLE mbH
46 Dortmund
Federa)l Repubiic of Cermany

Pistr,
LIMITED

ID/WG.60/4 SUMMARY
10 ¥arch 1970
ORIGTNALs ENSLIGH

1/ The views and opinions expressed in this paper are those of the author
and do not necessarily reflect the views of the secretariat of UNIDO.

This document has been reproduced without formal editing.
1d.70-1303

e







-




Aaf company deciding on a new construction project or an
expansion project should be concerned very seriously wit
the exploration and planning for such an under:aking.
Careful consideration of a project is the presupposition for

the timely marketing of really competitive products.

The basis for the project concerned is the marxket analysis

and the investigation of the manufacturing-, cisiributiosn- and
sales costs. If an economic study made on this basis nas 320wn
that a sufficient profit may be expected in the iuture, tue
financing must be clarified. In case that sufficient own cajpital
cannot be mace available it must be tried to obtain {inancing

{rom other sources.

'Once the market analysis has provided a positive result

and financing is ensured as well, planning may degin,

First of all the question of the location has to be clazilied
and the given suppositions such as energy- ané water con-
ditions, ~limate, trafiic situation, ofiicial directives and
tax laws must be checked. Under consiceratica oI thezi-en
conditions and the product quality and quantity cestined ov

the market, a production process can be seleciec.




Now it must be decided by whom the detail planniag is to

be carricd out, It is the usual practice to engage with this
planning such firms which are sufiiciently experienced in
the consiruction of plants. Prior to awarding the contract

a detailed Inviation for Bid has to be issued in which the

principle wishes of the future operator will be laid down.

The implementation of the contract comprises ais steps,
beginning with the organisation planning anc ending with the
guarantce test of the plant. The basis for the tcchnical
realisation is the P & I Diagram and for the acdherance o

the construction pariod the time schedule which can eitnher be
set up as crosswork diagram or network plan, cepending on
the size of the project,

. s

The technical standard of the equipment is cetermined Dy
proper design and selection of efiicient sub- contractors.

.

Great successes in purchasing were attained by using a cata
N P &
P . ; . . S .
progressing system. Aiter final inspection in the manulaciure:
workshops the equipment can be despatched to the site, and

~
PY

erected. The application of special tools, in particular o

the erecticn of hcavy equipment depends on tie sclected jodsi

Before being taken into operation the plant is thoroughily
cleaned and a perforimance test of the equipiment c:‘.r:‘icd.out.
After that the plant is started- up. A plant is only considered
complete when the specified design data have beer proved in

a test- rune




1, Realisation of chemical projects

a) General procedure

Exploration and planning of chemical plants

Any company deciding on a new construction- or
expansion project should be concerned very serious-
ly with the exploration and planning for such an under-
taking. Careful consideration of a profect is the
presupposition for the timely marketing of really

competitive nroducts.

3. Jxalaratien Exploration is defined as 2ll investigations leading

&

to the decisision to build a certain facility.

1.1 Mazkst lovestisation

First of all, market analysis is required. It will

yield information on:

Scope of demand for the respective product and

development of requirements in the following years

Product capacities and market activities of compe-

titors

Price development

* The possible market snare, and thus the initial
S ny : capacity of the plant, is determined according to
the development of requirements and activities of
competitors. Allowance rnust be made for the future

development of requirements by acjusting the initial




capacity to the growing market, right from the

beginning.

Thus quite cxpensive extensions of capacities are

avolded. The development of price is an essential

part of the considerations for prospective profits,

For implementaticn of A market an:lysis three

different mueinoas cngn e used:

1.)

3.)

3.)

Publications of governmental authorities, as
ministries or planning departments, can be taken
as a basis, However, consideration must be paid
to the fact that usually these publications are of
a general character ¢nd <o not always take into
account the require:nents of a reliable market

analysis.

Larger companies have the possibility to carry
out investigations tharmzelves. This method is
recommended if a very special product is con-
cerned, the market corditions of which can only
be lnoked into with the aid of intensive experien-
ces. U expensive investments are concerned,

a market analy sis under ¢wn adrainistration must
be plead=d for, since in that case the responsi-
bility for a proper valuation of the market should
not be shifted.

There existe the possibility to have the requested
figures ascertained by a consulting company or

by a market research institute.




1.2 Kinacing

2.1 Selecting a
Location

Another important point in the exploratory phase
is the question of firancing. A new project may be
financed with company resources or outside re-
sources, or by both company and ontside funding.
Frequently there are difficulties when ¢ ompanies
are required tn seek nutcide finan:irg because in-
house resources are inadequate to provide the
additional funding. However, in this case it is
possible to ubtain the assistance of a third party
and to have the firancing arranged by engineering
consultants or to obtain advice frum these firms
38 to which type of outside financing is most ad-

vantagceous, In addition, it is possible to provide

| financing by founding a pa rtrershin {irm or by in-

cluding thirl parties. Indiridual financing conditions

shall not be discussed in detail here,

Once the market analysis has provided a positive

result and financing is ensured as well, planning

may begin,

The first task should be the selection of a location,
The question arises whether to build the new project
"out in the tields" or whether an expansion of ex-
isting facilities should be e fected. Tirst of all it

{s necessary to determine the cnergy resources

that are availab:le at the interded location and the
auxiliaries that may be icquired loc«llyv. In addition,
the raw materinl situ.tion rmust be studied. It is of
great advantag.: if the required raw materials may

be obtained locully, or if they are present as indirect




Fesources, i.e. in the case of natural gas or oil,

for instance, a pipeline in the vicinity of the locatiom.
It is a known fact that the construction of oil re-
fineries in the Cologne area became attractive only
because they conld be supplied directly from a pipe-
line.

Communications and transportation problems acquire
significance if the raw materials are not available at

the intended location, and if the finished products are
aot consumed in the vicinity of the production facility.
For instance, to plan a plant facility at a distance of

15 km from the sea-shore must be considered false

eite planning if this plant must obtain all its raw
mﬁterhls by ship f{rom the port facility, and if the
major share of the production is exported and muc.t
again be shipped by sea. For, if oniy road transport

to the port facility is possible, this site selection means
that additional transshipment of the raw materials and of
part of the production will be necessary. Even where the
operator of such a plant was able to acquire the land at
very favorable conditions, compared to a lot directly at
the port, this audvantage would be offset very rapidly

by the additional cost, and in the long run might turn out

to be a great cost factor in the finished products.

During the selection of a site while the project is in
the planning stage, public easements should be investi-
gated very thoroughly. For instance, in Germany they
bave become much more strict in recent years, for
well-known reasons. Regulations and directives on air
pollution, water pollution, and noise emission have re-

sulted in stringent mcasurées., Today it is quitépossible



‘that & production facility may become uneconomical
88 a result of the cost required to comply with local

‘ "7 public easements. In addition, government regulations
' on construction as well as local safety requirements
must be incorporated in planning considerations. Soil
conditions and construction features for the sclected

location mmust be examined very thorvouyghly in order

to avoid later cost increases if the supporting capa-

bility of the soil should turn cut to be inadequate,

. ~ Once the decision is made 14 build the new facility
"out in the fields" rather thun expanding an existing
facility, special care must be taken ta reserve bpace

for any future expansion that may hecome necessary

.

3.2 Ecomomy study The next planning stage should be concerned with

economy study. In accordance with site ¢ onditions

and the volume of the planred production a suitable pro-
duction technigue must be selected . This technique
must be revicwed from the point of ene rgy resources
with a view to optimum « vign and possible interfaces
with existing fuci'ities. Lepending on (he structure of

a plant it will in one case he better to drive the heavy

machinery with stearn tnrbines, wtile in another case

the electr! motor must & proeferred. [hic decision
must be made ir conjunction with a review of total
energy costs, lu additinae o "« important 5o the selection
of a process to allow for the shu! downs required for
e plant maintenance, 1or possible catalyst and filter
changes. A technique which requires a minimum of
energy and investment « 6st may not turn out to be
the most cost-effective technique if it requires twice

the shut-down time.




After selecting a process it is necessary to determine
the degree to which automation is required, considering
available labor resources and personnel cost. However,
establishing a degrec of automation should not have the
result that one man, instead of opcrating a machine
must now watch a control unit. This will not save per-
sonnel cost. On the contrary, in addition to personnel
cost remaining the same, the product will be burdened
with the additional cost of the installed control systems.
In any event, however, automation should be selected
wherever it wil] achieve a more uniform quality of the
final product. The required additional -ost in that case

will be offset by the elimination of complaints.

Economy studies also include selection of storage ca-
pacitics for raw miaterials, semi-finished, and finished
products. Where raw material prices are subject to
great fluctuation within a certain period it is advisable
to plan a storage facility of sufficient size so that raw
materials must be purchased anly during low-price
periods. Where raw material prices are almost con-
stant over time it is advisable to be very reluctant in
the construction . lirge raw material storage facilities.
However, storage capacitics must be adequate to main-
tain production even if shipments become iinpossible

for some time. Lifficulties of thie type may arise, for
instancec, when rivers freeze, main traffic arteries are
snowbound, ctc, Storage facilitice vor finished products
should be so designed that the production plant can be
utilized evenly even if the sale of the finished products
is seasonal. In almost all instanccs it is more cconomical
to abeorh periods of maximum d.1vard by an enlarged
storage capacity than to design the plant for greater pro-

duction capacity. In some instances the firished products



ar%e not storable, or only in part storable over

an extended period of time. In that case there
should be contiderations to determine whether or
not semi-finished products should be placed in
storage, and which could be finished for sale in an
additional production phase just prior to consumpt-
fon. This means that only the last finishing stage

would have to be designed for maximum demand,

The orders of magnitude of production facilities,
storage facilities, and other auxiliary facilities
must be seen {rom the point of tax aspeccts, as well,
As a result of the different depreciation rates for

_ facilities and buildings a calculation must be made

to determine the sizes that are most favorable from

a tax aspect.

One very important point for economy studies is the
‘selection of techniques and containers for packing se-
mi-finished and finished products. A study should be
made in any event tn determine whether non-return
or multiple-use containers are best suited for the

purpose in question.

After selection of the location, determination of the
process and choice of the storage facilities and
auxiliary plants «n estimate can be 1inade for the

product costs which are comparcd with the prices

obtained on the market in an eccnomy study,




2.3

Once a site was selected and a2 production tech-
nique decided upon, the invitation to submit bids
may be prepared. Even where the future plant
operators desire to build the plant in~house it is
always recommended to prepare dotailed speci-
fications and a description of the plant, This will
be practically equivalent to inviting a bid from
another company. Where the company does not have
adequate technical personnel for this purpose, or
where their capabilitics are asbsorbed by other
functions, it is possible to have an engineering

company prepare an invitation for bids.

An accurate and detailed invitation for bids will
ease the determination of costs for the plant
facilities, and almost no differences will be re-
sulted lateron bhetween builder and operator. In
addition to the specific data included in the invi-
tation for each individual plant, the following should

always he taken into consideration:

An exact specification for the facility, allowing for
the requirements of cost effectiveness, must be pre-
pared. This specification should include the desired
product outputs and qualities. Jn addition, certain
parts of the facilily and certain items of equipment
should be spccified in great detail in the invitation
for bids. l.arge companies, such ay ESSO, have come
to the point today where th«y include with each invi-
tation for bids their so-called Basic Practice, i.e.
they specify cxact standards for each apparatus and eac
ftem of equipment which nust be complied with in
design work and manufacture. This will ensure that the

completed facility satisTicd ESSO’ s requirements in

cvery roespect. If the company does not have




this type of data available it is possible, of course,

to specify in the invitation for bids that the bidder sub-
mits his own specifications for all the equipment.
Major engineering companies have been developing
their own standards for 2 long period of time which

ensure an optimurn in the manufacture of items of

equipment.

Also, an invitation to submit bids shou!d include

8 list of local conditions. It is of decisive importance
that, for instance, not only the average daytime temp-
eratures are stated kut also the teniperature peaks, and
the specifications must state whether tiie planning of
refrigeration facilities should be adequate for normal
operation, or whether the plant must achieve full
capacity even under the most unfavorable climatic
conditions. In addition, the invitation for bids should
include the data on relative humidity, wind velocity,
and other c!imatic conditions. as well as on any

earthquake hazards.

Raw material qualities should be specified accurate-
ly, stating any possible impurities or deviations from
any standards. It happens conly tuo {requentiy that a
plant is designed for  raw material specified in the
invitatio, fcr Lids, and tho' later the plart connot
achieve its output i ~caus. the actusl rav material
quality does ot nerec with the raw malerial speci-
fication. As an example, we might keep in mind that
metering devices cannot fulfil thetr pu. pose if the
specified bu.k materials such as grain or <and contain

pieces of woad or riher tinpurities as a result of

transportation conditions.




-10-

Furthermore, the invitation for bids should include
an exact specification of the quality of the finished
products. In addition it should be specified that all
consumption data be listed in the invitation. Con-
sumption daia are defined as the figures which state
the amounts of raw rnaterials, energy, auxiliary
materials, elc. that are required to produce the
demanded product. The invitation should state which
data the builder of a plant must warrant and which
values shall carry which penalties. Penalties are
defined as paymecents to he made by the builder of

a plant in the eveut thai certiin consumption data are
not achieved inspite of corrective measures. This
will give the contracting comnpany assurance that

its capital will not be invested in an uncertain ven-

ture.

In addition, the invitation for bids should state the
period of time during which a plant must be built.
It has bucome commor practice that the party in-
viting bids on & plant must substantiate the desired
time schedules with the aid of certain scheduling

systems.

In any event, an invitition to submit bids should be
80 comprelencive that it allows for all important
points that are necessavy for the manufacture of
the desired product ond for the required equipment
standard of the plant. Otherwise additional cost
must be expected jor corrective measures later
which will upset the entire prelirninary costing for
the product. After ~om»leting the invitation, a
selection of companics must be made that should

be invited to submit bids. It is advisable not to in-

vite too many companies because the review of their




2.4 _Costract Award

-1l-

%de may become such a large undertaking that
the final completion of the plant will be delayed,

After the review of bide a contract may be

awarded.

The contract may be awarded to an in-house
division as a so-called turn-key contract, or to
an engineering company under the same conditions.
Of course it is possible to split the contract, per-
{orming part of the work in-house and contracting
outside for the rest. Toda, the followirg types of

8rrangements are customary in international plant

investment practice:

l. The contracting company purchases the basic
enginecring, i.e. it acquires the process design
and the know-how for apparatus and the mod2 of
operation, and builds the plant in-house on the

basis of this inforn.ation.

2. Using in-house basi. engincering the company
contracts with an engineering company for the
detailed cnginecring, handling all the rest in-

house,

3. All the engineering effort is contracted

‘4. Inaddition to the foregoing, installation is

contracted, or the installation is performed

in-house, contracting only for supervision of

installation work.




8. Similar to installation work, construction

may be contracted completely or in part.

6. Another possibility of contracting is to
award a contract tu a consortium of different
engineeri- comprr'es, or ta award a contract
toa so-calledmain contractor who in turn will

award sub-contracts.

Payment for services and supplies is made under two

types of systems today which may be combined.

First, there is the so-called lump sum price which
indicates that the conlract wiil be awarded at a de-
finite price. This price may be regotiated as a firm

price.

A second type of payment which has become customary
in recent years is the so-called cost plus fee arrange-
ment. This indicates that the contractor’s cost is
reimbursed directly and that, in addition, the builder
is to receive a certain 2mount as his fee, i,e. as
compensation for his eiforis. The -ost is determined
on the basis of substantiating individual invoices

and individual rngineering services. This system is
used frequently by large companies that award contract
to engineering companies. The fears voiced by pessi-
mists that this practi e would practically invite the
engineering companies to exc sed ¢ ost estimates were
not found to be true. In .ddition t,~ contracting com-
pany has the jossibility of taking 2 hand in the award
of sub-contructs and to monitor cost concurrently.,
Where bids are invited on a plant on a cost plus fee
basis an estimated totel price will normally be stated,
and every compauyv concerned with engineering will
use its best efforts to maintain this price estimate

and, if pessible, to remain below,




A company which would fail to do so could not expect
to obtain a contract again. One important point in
awarding contracts is to draw the boundaries between
responsibilities and the parts for contracts. The cost
risk of the builde: of a plant will be the smaller the
less he builds himself, since he must assume res-

ponsibility only for that part of the plant which he

carried out himself,

Detailed planning of plants and buildings begins
when the contract was awarded by the future
operator. This phase may be subdivided into four
stages, production tuchnology planning, design,
business administration, and time schedules. Some
of these stages run parallel while others are time

Phased a: a result of the nature of the undertaking.

Production technology planning includes, first, the
exact computation of the production technique and
individunl items of apparatus, as well as preparation
of mass baiances. These computations fr-ém the
basis for the so-called P & | diagram, i.e. the
pPiping and instruwnent diagram. After completion

of this diagram the piping lists are prepared

as well as do. umentation on automatic control and
metering, and on the electrical cquipment. In an
engineering company all of these data are processed by
the appropriate technical branch. Ay major company
has a horizontal organizationi] stracture which mates
it possible to treat special problems in special de-
partments. This avoids anproductive time, and
parallcl processing becomes possible. Furthermore,

the P & I diagran. is the basis for preparing the oper-

ating handbooks. These are part of any completed
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system; They state how the plant must be oper-
ated and which points must be given special
attention. Separate chapters describe plant

start-up and shut-down so that the future oper-
ating personnel will have unambiguous directives.
In addition the operating manua! must contain the
specifications for material analyses as well as all
the maintenance and safety regulations that are re-
quired for operation. Design work hegins sornewhat
later than production technology planning. Now the
items of apparatus that weu plarnnerd {rom the points o
production technolugy are subjected to strength cal-
culations, and appropriate design drawing+= are pre-
pared. At the same time a dctermination is made whic:
equipment is subJect to government inspection, and
who will perform su-h inspections. Depending »n the
location of the piant, German or foreign standards
must be uscd for the strength calculations, and fre-
quently there are standards of the operating company
which must be observed in addition. Parallel to the
design of apparatus the installation layout plans are
pPrepared wiich in turn reprecent the basis for the
construction design drawings. In modern industrial
facility planning the equipment is no longer placed
into a building; rather, the buildings are wrapped
around the optimum grouping of apparatss troin the
point of production technology, in accordance with
their function s protection for apparatus and ma-
chinery. Whilc this will not create monoments of
construction, as in former tiines, cost will he re-
duced to a minimum. Nor is it justifiable any longer

to use facing of Dutch brickwork where ordinary corru-
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@oted siding will serve the same purpose.

Once the locations of individual items of apparatus
have been estahlished ir layout plans, the pipeline
drawings are prepared. These forn. the basis for the

preparation of isometrics.

In many cases it is wise to prepare a mode!l of the
planned facility. This will make it possible to find
much better arrangemencs for many pipelines. Also,
the study of <ritical points which otherwise requires

& great amo nt ¢! Lime muy Lo inpigcrmwented with-

out difficulty. In one instan-e¢ alore the model saved
more than DM 100. 000 for pipe n.iteriais, not even
including the cost on installation. Furt*.rmore the
model will allow the later plant operator to familiarize
his personnei with the plant while it is being built,
And in addition it is a significant aid in installation
work. For a medium sized plant the cost for a model
runs from 0.5 to 0.3 per cent, and for a large plant it
is about 0.% per cent of the cost ot the turn-key faci-
lity. Thes: = tu ure ollset by shortened planning
times, advantages in construction, and better arrange-

ments for pipclines,

After complction of detail drawings the lists of mat-

erials arc prepared,

Design work alsc inciudes the conpilation of all
specifications ad other supporting Jdocumentation
that determine the fabrication standards of indi-

vidua! paris.
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The design effort ends with the preparation of
documentation to support equipment installation. This
includes all data which will mak. it possibie for an
outside company to submit a detailed fixed price bid
‘for equipment installation, or to perform proper in-

stallation work without incidents.

‘R goes without saying that design review also in-
cludes the examination of drawings submitted for
approval by the companies that fabricate the appa-
ratus, and the review of all documentation prepared

by outside contractors.

Mention should be made of the fact that the flow

of thesc individu.} pl nning sta-jes cannot take place
separately, since cne thing integrates with the other
throughout the entire planning phase, Thus, in-
stallation will affect design which in turn may affect
production technology which in turn may have reper-
cussions on shipping and instailation. However, in
order to permit an easy grasp of this situation a
planning scheme had to he selected which cannot
fully represe nt the rclationshln between the indi-

vidual activities.

Once the first equipment iteris for the plent have been
completed {rom a desizr point of view, business ad-

ministratisn planning may begin.

Depending on tac type and organization of a company -
there is a variet; of possible procurement aystems.
One of these systems shall be diecussed here in
order to demonstrate how an enzineering company
handles procurement today. Bids are solicited from
different suppliers for all parts ot an installation,

and a quality and price comparison is ma-e after




receiving the bids. After determining the most
sdvantageous suppl|iers, orders are placed via

& computer programme. The orders are printed

by the computer. Programmed information pro-
cessing has the advanta e, in addition to merely prin-
ting the orders, that all the data for cost accounting
are acquired without additional effort for separate
data acquisition. The cost savings effect which is
achieved through this modern type of contract award
exceeds anything by far that is possible in business ac-
counting through the employment of a data processing
system. It should be mertioned that the individual
engineering specifications are not printed by the com-
puter but are typed by the regular rmethod and included

with the actual orders as appendices.

Once the crders have been printed, it is possible
through the order data stored by the computer to obtab
separate lists on payments, time schedules, costing,
and the values of orders placed. This enables each ind
vidual planner to maintain strict contrel at all times,
It is part of business administration to supervise the
subcontractors during the different production phases
where plant equipment is made. "uring productfon
and after completion, quality checks are implemen-

ted by company personnel.

After accertince the activity of the procurement

division has terminated. “urther procexsing is then
i

assumed by the shipping division., They receive the

shipping documents prepared by the procurement

division.




Certainly not a suhorlivate role in building in-
dustrial facilities is that uf time scheduling prior

to project rlonring and implem=ntation, and time
scheculc yncwitoring during project -1anagement
phares, Th o .0 Oarctaeds) i if we keep in mind the
many ipdi-lt et ncalacts that must he completed
with roany Interfaces to cther projects in order to
ensure organic srowih o) ithe pient within the time
schedule, f-oov i o oplardi to vy rhase to the fally
functicna’ . daction cycion, Trer . for |, time
scheduling cyvotamr weso dewcoped that are expected
to serve as (cols in obtainuig 2 l2i1 grasp of dead-
Hnes. Thuse ro the Las chu #t 241 the network tech-

nique.

Time scheduling citen's from the heginning of the
planning phase ali the way to thz guurantec test. All
the planning st.ges must ! monitored such as pro-
ducticn tenhrcloyy, devir. Fusiness administration,
manufacture o the most impurt int apparatus and
machinevy, in case of corrplicated machinery this
may {aulude ihe deliveries mnade by apnropriate sub-
contraciors und .naadfu. tus .r3. Suhisequently the
time schel:ll;  far v sapetyr ot on worlk, for equip-
ment shinping, crection, first plant stari-up, and

guarantee test must be nhonicoréo.

Oanly with really consistent thne scueduling will it

be possible to o ogriye Yiming problems at an early
stage und o sidesten them in such a way that the final
deadline wiil not ¢ eudarzered and costs will remain
withip the planncd framcvork. Anyone can understand
that cost cotimatys will b exc:eded by far if, for
Instance, ‘he consiruciivs ¢ite is started too early

g0 that erection personae) cannct be fully utilized,

but later, towards tr~ final ercetion deadline, addition
al help must Le hired in order to be able to meet the

deadline,
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Shipping and erection must be very caretully

planned, too, in order to ensure the progress of the
contracted plant within time and cost schedules. This
means that shipping and erection requirements must
be allowed for as carly as the design stage. For in-
atance, it was found during the construction of a plant
in a European country that considerable savings in
time and cost could be achieved by installing the equip-
ment with mobile crane equipment that was flown from
Germany to the construction site. In recent years the
implementation of installation work for plant facilities
has undergone great changes. Large equipment units
can now be instalied directly, usiug robile (ranes,
The presently largest mobile crane has a carrying
Capacity of 500 metric tons. Within this year a mobile
crane of 600 tons carrying (apacty will become avail-
able in Germany. Also, the employrnent of load-carry-
ing helicopters must be mentioned in this connection.
With respect to shipping, .are must Le taken that the
required itcrns of plant equipment «anreach the con-
struction site 1t all, Thus there are restrictions with
respect to bridge clearances, dock load capacities,
discharge capabilities for pert crane facilities, etc,

that must be ubserved.

The t1rst start-up of a new plant requires careful
prcparation. Only if it is certain that the required tech
nical persornel, raw mate. ials, ar ' auviliarv material
will actualiy Le availabice at he 2-ie scheduled for
starting up the plant, ill it he possible [or this event
to take pla ¢ without incidents. Care mast be taken
that all the items ol enipment have been inspected

and complete:? their mec hanic~] test runs successfully,



Once the plant has been started up a perfcrmance
test run will take place. The plant is not considered
completed until the specified performance data were
achieved during the performance test run., The in-
strument roadings tiken during a certain pericd of
time are .omputc i, procecscd, and compared with

the tolerances specified in the contract,

After a corupleted tcst run the planning phase is

terminated.

In view of the propressing modernization and tech-
nical innovation as well as the constantly increasing
wnit siz: s of induatrial [ 290 ice, comprehensive
and carcful expinoriticn and ptacning have become
indispensable. Only if ail the items are allowed

for that were only mentioned ..riefiy in this paper,
will it be possible to ensure that a plant is completed
at the estimated costand within the specificd time

schedule, and wii! schicve the desired periormance.

Any company planning a new project

should consider very sericus!v whether technical
company peroonnel un be made availakle for the
project concerned. and whetker adequate help is
availalble for implementing the plans, Jnloss planning
work is being perlormed on a continuous basis it will
in most cases be rnuch more advantageous L.. emplny
an engincering conipany for the consiruction of a new
plant. Ir that cace it 1s rot necessary to increase
one’s own staff, and ir addition it will be possible to
make use of the experience of the engineering company
which will then assume, at ihe same time, the res-
ponsibility for implementing the plans within the cost

and time schedules arl for the pecessary guarantees,









