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Sore big Furopean plant ecuipment ranufacturers have released their
program for the 70ies. They clearly stated their intention to arrange

the production cf rachinery and rlant couiprent in developine countries
by all reans within their pessibilities. These intcntions are based
not only o) cconeric consicerations but alse on the rercenticn that
some of the develeping countries are now in a rosition to cffer

real chances for eccaoric imvestments and sufficient quality standard

in ranufacturing specific nlant equirment,

This peper will deal vith the basic asnocts on the most important
ccononic ond technical cenditions for the fabrication of chemical
plant cquir-ent,

Of basic irrortorce is a nroper sclecticn ¢f the tyres of equiprent

to be precucd out of the extensive variety of ecuijwment nccessary for
coimron choriccl plonts (a list of standard equiprent will be attachted
to the final yaprer).

A proposed selectien will be based on (1) the investrant cost
distribution of stoncdard cherical processes, (2) the production propram
consicerations, () the availebility of local skilled labour and (4)
the trainine facilitics invelved in the ranufacturing vorksheps for an
acditional cdeveloirent of lecal labour rescurces,

Ly nurcrcus cxarples the esrects wnd pessikilities of ranulacturing
procorses fer chorical rlant ccuinsent will te discussed. In additien,
details will be givea vhy certain ecuivirent sheuld not be fabricated

in develoning comntries.




When discussing this point, the frequency of certain tyres of
equiprent invelved as well as the {ebrication facilities reauired to
achieve an internaticnal accepted quality standard will be considered. '

As a result from these considerations sere problers risht arise with
respect to tre sizc of the preduction facilities, the extent cf
adrinistraticon and oreenizition invelved and the recuvirerments of
highly siiilled srecialicts who, on the other hand, need large workshop
for an extended rreducticn variety to keep their high level of quali-

fication and exrerience.

To avoid tl:cse preblews an exanrle will be civen for a reasonable
ranufactucine rrerrap, The final paper will shew the layout and
equiricent neccssary for an industrial workshop end will deel with the

productini plenming, febricaticn orronization, production control and

final inspcctina necessary to guarantec an accerted ouality standard.
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1.

Introduction: Teveloping and Induatrial Countries

¥hen using the term "Developing Country" in this

paper,

(1)

(2)

this meang that

we want to state a difference tc "Industrial
Countries" only with respect to the achleved
degree of technical development,

This means that, for this paper, any difference
between "Developing" and " Industrial Ccuntries"
is8 strictly related only to this difference in
technical and industrial development, common

and applied basic technologies and, if necessary,
to some connected differences with respect to

social or economic factu;

with regard to the manufacturing of industrial

products, a minimum standard of technileal

dléveIOpment is considered to be available as

a basis to start from.

This standard should not be represented by one
or the other spectacular plant with an intensive

autonmatic fadbrication control system.

Por the fabrication of industrial equipment in general

a well developed system of craftsmen shops active all

over the counitry or at least in some tig areas is of

much higher importance for our subject.




The manufacturing of any equipment atill needs

a high craftsman standard though more and more
modern machine tools are taking the burden of

hard physical engagement in the fabrication

process from the workers and craftsmen.

But up to now even in "Industrial Countries"®

a well developed senze for hand.ing tools

(either machine or hand) and the gkill of a
craftsman are still necessary ftor manufacturing
industrial equipment in a modern workshop with

a good outfit of machine tools and other machinery,
especially for that type of equipment we are talking

about,




2.

General cutiook or the Manufacturing of Industrial

Equipment in Developing Countries

Some big European plant equipment manufacturers have
released their program for the next 1C years. They
clearly stated their intention to arrange the production
of machinery and other irndustrial plant equipment in
Developing Countries by all meuns within tibeir
possibilities.

These possibilities have been enlarged by governmental
incentives. This means cheaper long term credits for
promising investments in Developing Countries,

These incentives of course will favourize those

projects which improve the overall economic and social
situation in a country or areca. This means on the other
hand that very big projects, which might have not always
only econcric but also some pelitical features, could
have a minor charice in the tuture with respect to
governmental assistance corpared witn those projects
showing better chances for a proper approacn to the
actual poscibilities under the specific conditions

of a Developing Country,

In generczl more or less private initiation even in

Developing Countries is often in a gcod poeition to
make use of the chances offered in a market and, on
the other hand, to avcid any big economic risk whieh

might lead tc insolivency.




Purthermore private investments will mostly take
the burden from the government cr its representatives
to 8211 the products of a state ownea or state

controlled production facility.

An other asgpect way be to encourage cther branches

in a Developing Country by private initiaticns to
take share either in supplying semifinished products,
material and services for the manufacturing procees
or to render services in the distribution of said
products.

Private initiatives to my opinion might have under
specific conditions even in Developing Countries a
strong effect on the overall economic structure and
situation. Private initiative might help to avoid

& not preper workipg structure in any ccuntry. This
means that in general private initiative and activity
can be a strong partner in the economic development

of a country,

Of course there cre some realistic aspects on the
side of the Industriai Countries which have made
companies and governments to start production

facilities in Developing Ccuntries:

( 1) to help balancing the export surplus which is or

will be general in the future for most of the

Industrial Countries.
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( 2 ) to minimize the problems related to the expansién
of the production facilities o0f Industrial
Countries in an extremely populated area. These
problens are existing especially with respect
to space und lutour regourcces and last not least
with regard to the fact that those companies
end the government have good reasons to believe
in a good chance for a prosperous industrial and

economic growth in Developing Countries.

I believe this to te a most important point because
all European Industrial Countries and, to a certain
extent even the United States of America are about

to move in a peculiar situation:

gapace for expanding their worke has got to be

extremely expensive;

labour for common requirements must be "imported"

from other countries;

it is obvicus that the industrial production is
going to tecome more and more cpecialised and
the technclogy standard is growing quicker and

quicker,

A8 a coasequence: why not overcome all these problems
which, for one or the other cor.pany, are of existencial
importance and to start the fabricaticn of standard

produsts with a normal demand on the ability and

b

qualiicution of iabour in the Develcoping Countries ?




This ie, of course, not only to sell all those
products in such-a country but also to do a big

portion of export.

It ie not the subject of this paper to discuss
these aforementioned aspects in detail with regard
to the overall economic consequences for the
Developing Countries. But I believe it to be
important for the discussion of manufacturing
prodblems in detail to clarify something of the
background of the proposed manufacturing program

for chemical plant equipment,




3.

Principles for the Set-up of a Manufacturing Program

The fabrication of chemical plant equipment in Industrial
Countries huas gol to be mere and more specialised with

respect to:
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8ize and weight of equipment;

material to be handled;

the maximum wall thickness of pressure

veesels tc be manufactured.

These ére only thke four most important points out of
a lot of others, whniech take inte acccurt the local
labour situation, a favouratle or unfavourable
transport situasticrn (rail cnnrections, location near
to a harbour, the sun or navigable rivers), a

historic development of a ranutfscturing program and

a correspending pesition in the market and so forth.
Sornc of the above mentioned pointis havetheir origin
only in pure economnic consicerations. Others are based
on snrecia’ oY eonditions 2 for instance the close

cocyeration with a chemical compuny.

Such specialisatinn is not of restrictive charscter
in an Industrial Country. It is even s necessity to

meet the cxtremely udiffererntiated requirements of the

industry in these countries,




In the Developing Countries the specialisation of
the manufacturing facilitiee should be of different
character. It is quite obvious that nanufacturing
"everything” does not give any chance to manufacture
the right thing in the right way et the right time,
Therefore a proper selection must be made of the

equipment to be menufactured and that to be imported.

Pive points of view are necessary to be considered:

( 1 ) Which equipment ir general should not be
manufactured now in Developing Countries

for economical and technical reasons 2

( 2 ) Which processes and their related equipment

should be taken into account %

( 3 ) which equipment for these processes should

be labricated (or not) for sconomical reseons ¢

( 4 ) Which equipment for these prucesses should

not be fabricated for technical reasons ?

( 3 ) Which equipment for thcee processes should
not be fabricated because sufficient skilled

labour cannot sade availabdle ¢




This more or less negative approach toc the problem

will give finally the answer to the question:

"What type of equipment should be fabricated
and what =horl4 be the size and outfit of

the workshop ?"

With reference to point ( 1 ), the list of
*Standard Chemical Plant Equipment" (see attachment 1)
shows a classification of the equipment into two

main categories:

categories A: wmanufacturing possible

categories B: mainterance possible

All not clarsif:ed equipment is considered to be
normally imported. Tt is furthermore understood
that this class:fication is only an approach and
not binding. it mist be varied and adapted to the
specific corditions in each Developing Country.

Mainterance iv ~ontioned hec-iugse every fabrication

faci:ity ncluies the possibility cf repair work

except for thnsec cazes, where special repair toole

for mainterance nre required,

The rain rearon for assuming a lot of equipment iteme

to be imported is of generul economic or technical

character,
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Some of these items need a very sophisticated
sanufacturing process, a big staff of highly
specialised and experienced workmer and engineers,
& big staff for research, developmeat and testing
and big fabrication facilities, which all together
pay only if the production numbers of items are
reasonably high (i.e., compressors, turbines,
various types of pumps, gears, fane and most of all

machinery,some electrical and instrumentation equipment).

Other items are used only in a very small number,
for instance tanks and gasholders, fired process
equipment, flares etc.

An other group of items ie considered to be bulk
saterial as for instance all pipes, valves and
Joints, insulation material and some electrical

end instrumentation materiai. Most of thie equipment
even necds special materiasls, semi-finished products
and numerous subsuppliers, which ure not available

in most of the Developing Countries.

With reference to point ( 2 ) we should neglect
sophisticated proceeses for products with a small
range of applicaticn and a amall actual demand im

the market of a Developing Country,




Purthermore all processes should not be taken

{ato consideration which need highly gpecialised
equipment in small quantities as for instance
equipment for the pharmaceutical industry, for
artificial fibres, special condensation products
and the like.

All processes considered shouldsupply those
products which are of importance to overcome
basic requirements in the economic and social
program of a Developing Ccuntry.

fhese processes should be modern and reliable
in design, reasonable with regard to their

operating and maintenance requirements.

Yor further considerations the follewing processes

will be of importance:
refinery processes including handling

of natural gas

petrocherical basic processes including

fTertilizer fabrication

standard prccesses based on petrochemical
feed stocks (i.e., processing of
ethylenc, propylene, C4-hydrocarbons,

aromatics etec.)

other standard processes without special
requirements or. pressure and/or

corrosion.
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With reference to point ( 3 ) it is evident that
the machina tools and other equipment in the

manufacturing facilities should ailow for:

universal use in the fabrication process, this
means standard machine tools for standard

equipment;

& high utilisation factor due to a proper
arranged fabtrication program and a good
workshop organisation. This means to avoid
any special but seldom used machinery or
machine toois which need extremely skilled

operators,

Por these reasons some economic points are of interest
which might give an idea of money involved in the

various classes of equipment necessary for chemical
pPlants.

In appendix 2, tabula 1, an "Investment Cost Distribution
in Chemical Flants" is given for erected material.

As we have cxcluded already piping material, machinery,
electrical and instrumentztion from our manufacturing
program, vessels, towers, reactors and heat exchangere
are of importance. This ciass of items nesds nearly

the same ty~e of machine tools and workshop eguipnment.




With a share of 20 to 39 % in the total costs of
ere~ted material this class of equipment is of high

economiec interest.

Tabule 2 in appendix 2 showe the cost distribution
for the same type of plants for unerected material.
The given gpiit-up of the pressure vessels into
single items gives a more precise idea of money

involved in the various types of pressure vessels.

This tabula 2 should be compared with tabula 3 in
arpendix 2 which gives an idea of the number of

items involved.

The share of towers in the total is heigh in value
due to the heigh portion of special and alloy steel

involved though this number is always low.

It is obvious in each modern process that heat ex-
changers of any type rave a big share in costs as
well as in number and vessels a smaller share in 1
coets but a big share in number. But in total

heat exchangers and vessels form such a big portion
of equipment bty value and number that they are of
highest interest for a production program., Towers

need much fabricaticn space which can be provided

in some cases outdoors, but only few additional

workshop equipment.
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Por a fadrication shop tabula 3 is perhaps of
highest interest., It gives an idea of the capacity
required and the material involvei.

The material to be used will be sﬁbject of further

discussions,

Steelstructures, steelwork and some machinery do#igned
in the steelwork technique are another class of items,
which can be locally fabricated.

In some processes the tonnage of steelwork and
steelstructures is considerably high and therefore

of importance.

In most of the Developing Countries weather conditions
will allow for steelstructure fadrication outdoors,
The additional workshop equipment is not of importance
especially when steel blasting is not required bvefore

priming.

Another group of items to be considered for the
manufacturing program are cortain types of tanks,
silos and containers, which may be classified as

a mixture »f vessel fabrication and steelwork.

With reference to point ( 4 ) some general remarks

have been made in point ( 1), especially as far as

machinery and piping material is concerned,




In addition these are some items, which should

not be fabricated for pure technical reasons:

pressure vessels with high wall thickness
especially from alloy or special carbon
stecl. They need special welding techniques,
special machine toole and in some cases heat

treatment of the entire vessel.

pressure vessels with internal cladding from
alloy material. They need special welding
and cladding equipment, high qualified
eraftsmen with permanent training in this
field, special fabrication control, testing

facilities and testing personnel.

pressure vessels with fix internals of complicatod
design and manufacture (special towers, adsorbers

and reactors).
air-coolers {bdundles, not framues)

heat exchangers of the armature wound
("spaghet+i type") and "fin-plate" type.
They need complicated manufacturing processes
and equipment and are subject of the =pecial
fabrication technique of only a few suppliers

in the world.

valves and caps for distillation and rectification

trays; sieve trays of special design with respect

to supports in the tcwers.
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With reference to point ( 5) most of the remarks

for point ( 1 ) and ( 4 ) cen apply. In general:

every complicated equipment or wanufacturing process
needs specialists. Iney need a special training before
capable of doing their Job and they require a permanent
activity in treir job. As the number of items is small
for which thase specialictis are necessary, there is
always the chance that these specialists loose their
ability due to a lack of training., On the otner hand
their ability is the prior condition for a good
quality standard and a safe operation of the plant.
Therefore all equipment which needs special hut

seldom required craftsmen should not be incorporated

in the fabrication program. This means f,i. to avoid
aluminum and high alloy material to be welded, this
méans not tc install machine tools with a high
operating "comfort" (f.i. numerical cperated drillirg
machines). This type of mechinery is not required tor
the standard cquipment of chemical plants, it.would
have a bad utilisation factor and the operators do

not have any chance to remain qualified for this job,

To summarize, the worxsiop should be designed for the

fabrication of the following items:

1. pressure vessels:
towars
vessels with and without internals
heat exchangers (TEMA-Type)

(adsorters, dryers, reactors)
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2. atmospheric vessels and similar equipment:

tanks (specific types)
silos (specific types)
containers (specific types)

S, weteelstructures and steelwork including:

specific machinery designed in the
steelwork technique;

pipe supports

4. the fabrication should be restricted,
at least for the start up period in the
‘shop, to:
the handling of carbon steel;
wall thicknesses for jackets and shells
of 15 mm in maximum;

a diameter of heat exchanger bundles

of aprr. 800 mm.
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4+ Manufacturing of Chemical Plant Equipment

A8 summarized before the following will deal with
some details of the zanufacturing processes for

Pressure and atmospheric vessels.

The manufacturing of steelstructures and steelwork
Will be neglected. These processes need, for normal
sises, weight and design and under a normal

competitive situation in the narket, no special or

abnormal manufacturing equipment.

?he overall conditions for the erectior of a
fabrication shop for pressure vessels and heat

exchangers may be assumed as the following:

( 1) location of the workshop with respect to:
labour resources;
clients of the fabricated equipnment;
transport connections (rail, road, ship)
for semi-finished products as well as
for fabricated equipment;

energy supply;

( @) size ang capacity of the wcrkehop, i.e.
overall dimensions (main and secondary face);

capacity in manhrurs per month and shift;
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( 3 ) equipment for the workshop, 1.0,

machine tools;

tools;

storage facilitiesg

transportation equipment;

inspection and testing facilitiesi

planning and supervision requisites

energy and utility supply (electric power,
welding gases, compressed air ete.)

maintenance requisites for tools and
machine tools (ircluding special
tools for the maintenance of machine
tools);

general requisites for offices, change room,

cloak room etc.

With reference to point ( 1 ) the location near to
a big chemical company might be, under certain
circumstances, of the highest importance for various

reagsons:

First the alternating c¢ifect produced by the
possibility of a close cooperation between

the manufacturer and the user of plant equipaent.
The exchange of informations sbout the behaviour
of the equipment under process conditions and a
cooperation in the fabrication stage between the
febrication shop and the maintenance department
of a chemical company wiil be a very useful

instrument tn increase the quaiity of the equipment

and e oAttty o the fabrication shop,




2% will strengthen the poeition of the workshop
18 & free competition with other plant equipment

sanufacturers in g Developing Country.

8econd the workshop will be used also for
maintenance purposes. As come bigger maintenance
work on vessels and exchangers requires a ratner
big and well equipped maintenance shop gquite
similar to the manufacturing shop, it is under
certain conditions more economic to use the
fabrication shop also for gvecific maintenance

work.,

Third the transportastion problems for big or
heavy manufactured Plant equipment will be

minimized,

In case of a close location to a chemical company,
labour resources might not be decisive for a proper
selection of a site for the workshop,

In any case one should give very careful consideraticn

to all questions concerning local labour especially

when a high floating rate of labour is to be expected,




It 1e a common observation in some Developing

Countries that, after some training in a modern
workshop and after having got familiar with some
modern or special welding and fabricnticn techniques,
skilled workmen leave the shop for a more independent
Job or to set up for themselves. This means that a
fabrication shop cannot, for a conaiderable long time,
get rid of the start up difficulties.

It 18 up to the management of the workshop to take
action against a high floatling rate and a permanent
training process on the same training level by means
of incentives or whatever the social and political

status in a Developing Couniry might allow for.

Though sizes and weights of the equipment to be
manufactured in the start up period will not have

a conslderable influence on the choice ¢f the

location for the workshop with respect to transportation,

it is nececssary to keep in mind some futural aspects
concerning not only the ares arcund the workshop but
also trancport connections.

The area around t4e workshop should allow for:

enough storage area for big sized semi-finished
products, profiles, bottoms etc., which
should not be stored in the main storage of

the workshop;




@ eonsideradble frae area near the exit of the
;hrklhop for finished equipment to be moved
by truck or rail. One should keep in mind
that towers or tower sections of appr. 40 m

length rust be carried;

& good approach to rail facilities, harbdour
or piers, if possible.

™e transportation of equipment from the workshop

to rail connections, main roads or harbours should
not be lirited by thoroughfares through towns,
villages or the 1like,

This is very important for big sized or heavy equip-
ment especially with respect to the allowable weights

for some bridges or roads in towns,

Energy supply might only be of impartance with respect
to electr.ical energy. As the power demands are not very
high the location of the workshop normally will not
depend on the availability of electric power,

The same may be valied for water,

Welding gases can be stored in cylinders which will
be in most cases combined to transportation units

of 10 or 20 or ever. more.




They are loceted in the utility room or outside
the workshop under a simp.a roof in a small fenced
area and connccted to the welding gas supply system

in the wocrkshop.

Compressed ai~ will also be distributed by a supply
system all over the workshop. The compressor and
working vessel should be located in the power and

utility room.

With reference to point ( 2 ) "size and capacity of
the workshop" the foilowing might be of importance.

The size of the workshop is depending not only on
the capacity but also on the type and size of equip-
ment to be manufactured. As we have fixed the
requirements with regard to type and size, the most
important factor for th2 dimensions of the shop has

been settled.

The capacity depe.ds more or less on the machine
tools availuble and last not least to a minimum

of skilled labour to operate these machine tools. .
Of course there are some other influences on the
capacity from the "overhead personnel" and auxiliary
labour available, bul for both the direct influence

on the capacity allows for more flexibility as for

instance with regard to skilled labour.




A® we have decided for the manufacturing of vessels,

towers and heat~exchangera. the workshop should sh-w

two separate manufacturing lines for:

a) jackets, shells and skirts, i.e,

manufacturing of the pressure vessel itgelf,

b) bundles and internals, i.e. manufacturing
nf pipe bundles, tubte sheets, baffles, trays,

bottom internaly (towers), nozzles, manholes, etc.

The attached pilot plan for g workshop (see

"Attachment 3») ray be used as g sample. It clearly

shows the flow of material through the workshop withih
these two lines. Size and dimensions are indicated.

The capacity of this workshop is expressively not

based on a fixed tonnage per month or something the

like but only on manhours to avoid the influence of
manhour efficiency, ability of manpower to operate

the machine tools, organisation, Flanning end supervision,
Quality and organisation of maintenance and lact not

least the efficiency of the initial and permanent

training of labour.




Under these considerations the proposed workshop

saaple allows for

15.000 manhours per month and chift

(8 hours per shif*t) on production

appr. 90 labourcrs (skilled and unskilled)

per shift on production

appr. 2% men for storage, auxiliary services,

planning, inspection and supervision.

As already mentioned vefore the storage should be
used only for small semi-finished products as for
instance flanges, bolts, nuts, small profiles,

thin sheets, tubes, gaskets and any other material
to be protecied from weather, dust and gimilar
influences. Big parts as for instance dished heada,
heavy plates and profiles should be stored and
cleaned outside thc workshop before used in the

manufacturing process,

Cleaniing of equipment or parts thereof before final
assembling should, if required, also take place outside
the workshop. Under certain weather conditions even
sandblasting beforec painting may teke place ocoutside

the shop.




Due to the limitation in material and wall thicknesses
any facility for heat treatment either for entire
vessels or for parts thereof hax been excluded. Even
in Industirial Countries only a few cf the big plant
equipment manufacturers have heat treatment facilities
for big equipment parts or entire vessels in operation
for their own procuction. Most of them make use of

the heat treatment furnaces of the very big equipment
manufacturers who have furnaces in operation of

sufficient size and modern temperature control.

Rest room, change room and cloak room should be

considered not only as a necessity from their purpose
itself but also as an instrument of organisation,
this means to keep the production area free from
rest places and the like which is necessary to have

& good control on the working ares and to avoid

accidents,

With reference to point ( 3 ) "equipment for the
workshop" it is of high importance to be aware
that chemical plant equipment manufacturing is

basically a single-part producticn,
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Por some parts in scme special cases a manufacturing
in series and thHe related machine tools gseem to be
applicadble but precise pay-out calculations mostly
show that the additional machinery or equipment
required does not pay. And, as the demand for some
plant equipment of which pieces may be manufactured

in series is not known in due time in advarce, there
18 no chance to make the additional workshop equipment

available quick enough.

Therefore, as already mentioned in chapter 3, all
workshop equipment should be of good standard and

for universal use, easily to be operated and without
demands for highly specialized and qualified operators.
This means to avoid machine tools like numerically
controlled drilling machines and gas cutting machines,

copying lathes or similar.

A list of the standard workshop equipment is attached
to this paper. This list is restricted to machine toois
and some major items required for the manufacturing

process.

In addition all the other equipment as mentioned in
the beginning of this chapter has to be selected out

of 8 big and useful variety but always under the

aspects of universal usability.
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This s especially with reference to floor

transportation Equipment, inspection and testing
equipment to ensure an accepted quality standard,
and the maintenance requisites for tools, machine

tools, cranes and the énergy anc utility supply

equipment,

For the Planning and supervision of the manufacturing
Process it is of importance to know in detail how this
process actually proceeds. This requires detailed

knowledge about

the actual supply date to shop of semi-finished
Products and components required for each

item to be manufactured,

the time and manpower required for each manual

operation in the manufacturing process,

the time (ang rianpower) required for each operation

on each machine tool or welding equipment,

- special tools =ud devices required including ‘hose
which have to pe prepared in advance (tire
and period of use),

to set up a detaileg planning for the manufacturing

program including all inspections and testing.
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. e
This procedure is necessary for a controlled :

menufacturing process as well to meet the

accepted delivery date as tu take care for a

high utilisation factor for the worxshop
equipment. Furthermore this procedure is necessary
for the overall workshop planning and tc recognige

bottle-necks in the manufacturing process.

Last not least this procedure and its demonstration
item by item on progress panels is one of the most
important factors in the workshop organisation.

Some others are a good procurement, an effective
expediting, a flexible labour planning in connection
with a8 reasonable manpower training and within the

company's overall labour policy.

The supervision of the manufacturing process of
course should involve, besides the progress control,
all single activitien in the shop tc avoid waste of
material and misoperation or machine tools and wOork-
shop equipment. Furthermore supervision has to
initiate inspections and preventive maintenance
activities on the machine tools, tools and other

workshop equipment.

A good supervision is the basis for an effectively

working inspection service,
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A.'uupervision 1s restricted to organisation and
progress of the manufactvring process and inspection
to quelity and reliability of the manufactured itenm,
both are necessary to ensu.e the reputation of the

workshop i.e. efficiency, reliability and quality.

On the background of these three criteria highest
priority should be given to the maintenance of

tools and machine tools.

A proper working maintenance department needs some
special trained workmen for the maintenance of tools
and some others for maintenance and repair work on

machine tools.

Specialists on the maintenance of tools are requested
especially for standard end carbide tipped drills,
cutters and turning tools, for taps, broaches, for
electric tools and complicated hand tools. They
should have expcrie..ce in veerating lathes, drilling

and milling machines and should get special training

in maintainirg =aid tools.

Maintenance of machine toolse in general requires
special training by specialiuts of the supplier,
But this training normally will only be sufficient

for standard maintenance work and small repair work,
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for the chense of important components and
adjustrmen® procedures the assistance of

‘the supplier might be necessary or advisadble,
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5. Jumisry

There is no doubt that the Daveloping Countries
will be involved in the future in the manufacturing
process for chemical plant equipment. The increasing
demand worldwide on this type of equipment on one
band, the required specialisation and the labour
situation in Industrial Countriec on the other hand
will encourage big manufacturers of plant equipment
to produce certain types of equipment in Developing
Countries. These intentions will be intensified by

governmental incentives for promising projects,

Some of the aspects concerning an efficient
manufacturing process have been ment ioned and
discussed.

Nevertheless one factor should have the highest
priority among all considerstions as important
they ever may be, that is the training and education
of ekilled labour for all manufacturing processes,
for maintenance, for inspecticn, testing, for

production planning and supervision.

Though the workshop plot plan sample does not

show a special training area, I consider a regular




training program executed at least for some time .
in a epecial training area within the workshop
under tne advice of queli®ied inctructors to be
indispensable. A continuous training might be

an expensive and long term investment but will

bear the highest interests for the whole industrial

and economical situation in a Developing Country.
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Attochment |

List of
STANDARD CHEMICAL PLANT EQUIPMENT

v Pressure Vessels

2 Storage Tanks

3 Fired Process Equipment
A Varicus Process Equipment
5 Machinery

6 Transportation Equipment
7 Piping

g Structural Steel

4 Inculation
10 Paintings, Coatings

12 Instrumentation

Categories

AU civils and related work are excluded

Category A : Manufacturing possible
A 1: without special workshop Equipment
or with only smull additional equip-

ment or machine tools.

A 2: detailed written manufacturing ad=

vise or consulting requiied.

Category B : Maintenance possible
B 1: without spacial spare parts or
with spare parts out of stock.

B2: only with suppliers service.

Not categorized equipment in cate ory A is assumad
to be imported.
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Pressure Vessels

( Interior or axterior pressure )

Towers, Columns ;
paked
trays

Vessels, Drums
without internals
with internals

Hoot Exchangers

TEMA -Type
Special

Storage Tanks

Gasholders
cylindrical
spherical
special
Tanks
cylindrical
spherical
special
Silos

Fired Process Equipment

Submerged Flame Liquid Heaters
Direct Fired Reactors

Incinerotors

Tubular Reactors

Tubvlar Furnaces

Non Metallic Indirect Fired Heaters
Steam Generators

boilers
waste heat recovery systems

LA‘ A2 B! 82
x x
R 4 X
X x
x x X
x x

(x) x

x x x X

{x) X

{x) (x) x
x X

(x}) X

(x) (x) x
x x x

(x) x

{x) X

{x) X

x

x

4

x




4.

S.

Verious Process Equipment

Cooling Water Make up
cooling towers
well water niake up
ishibitors injection units

Boiler Feed Watcer Make up
degossing units
desalting units
defonisaticn, ion exchange
chemicals injection units

Waste Water Handling
oil -water-separators
flocculation facilities
biological treating
chemicals injection units

Vaste Disposal Handling Systems

Flcres, Flare Systems

Machinery
Pumps
centrifugol pumps
reciprocating pumps
rotary pumps
special pumps
Ejectors
Fans
centrifugal fans
axial flow fans
Compressors
centrifugal compressors
axia! compressors
rotory compressors
reciprocating compressors
Gean

planetary gears

spur gears

bevel gears

worm ond worm wheel jears

Al A2 Bl B2 1!
X x
(x) x X
{x) x X
(x) x x |
(x) x X
{x) X X
{x) X X
{x) x
{x) X {x)
{x) < {x)
{x) x x
{x} x
{x} ¥
:
X %
X ¥
x X
X x
!
X i
|
{x) X
(x) X
X ]
N
x
{x) X
x
{x) X
o
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7.

Tubines
steam turbines
83s iurbines
vxpansion turbines

Mills, Crushers, Grinding Equipment
Classifiers

Granulators, Pelletizers

Extruders

Separators ( rotating or vibrating )

Mixers ( rotating )

Transportation Equipment
Coars, Trucks, Trailers

Reilroad Freight Cars

Standardized Floor Conveying Equipment
Fork Trucks, Tractors, V/alkie Trucks
Containers, Pallets, Drums, Bins

Conveyors
forew
belt
chain
bucket
vibrating
slide
roller
continous flow

Crares, Lifting. Equipment
Loading and Unloading Equipment
for ships, railroad cars, trucks )

Piping

Pipes and Tubes

a) manufacture g
seamless o
welded
forged
cast
machined

Al | A2 Bl B2
x
x
x
{x) x
(x) | (x) x
{x) x
{x) X
{r} | (x) x
{x) X
ix) x
{x) X
x X X X
x X
x X X
{x} x
x X
X x
x X
(x) X
{x) X
X X
(x) x
x X
X X
X
x x x
{x) x
{x) x




b) sizes:

¢) materiol :

normal diom.
large diam. ( > 16")
::;Tlal ) wall thickness

high ratio of wallthickness to diameter

corbon steel
killed carbon steel
olloy material { low and high )

Bends, Elbows, other Fittings

sizes

c material

Joints

a } manufacture

} see "pipes"

a) normal types

welded
taper pipe thread
flanged

b) for special services :

Valves

packed gland joints
poured joints
O-ring joints
groove joints
clamp joints

flore fitting joints
etc.

gate valves
globe valves
diaphragm valves
lug valves
I valves
butterfly valves
check valves

safety valves

Hangers, pipe supports

Special

rupture disks
automatic condensate drain valves
fire nozzles, sprinkler nozzles

Al

A2

81

B2

KX X X x

»

(x)

M oM M X X M »x x M X X X X X X )

x

(x)

{x)
{x)
{x)
{x)
{x)
(x)
{x)

{x)
{x)
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Al | A2 |81 |82
8. Stivctural Steel
Plpe Bridges, Pipe Racks x x X
Steel Structures for Vesseis x x x
Steel Struct.res for Machinery x) | x
(steel foundation )
Sicel Structures for Buildings {x) | x
( compresser houses, fabrication ’
buildings storaga buildings )
Ladders, Steps, Platforms, x x
Footbridges ‘ x x
Pavids, Small Stealwork x x
9. insulation (incl. weather protection ) ( Application )
Hot Services
slug wool x x
mineral wool x x
ashestos x X
special X x
Cold Services
slag wool x x
mineral wool ; x x
cork x X
poly:nares x
Weather Froteciion :
metal sheeting x x
mastix x X
polymer films x x
Noise Protection ) x x
Fire protcction ( by insulation )
concrele x x
brick work x x
gun asbestos concrete x () | x
10. Paintings, Coatings |
Atmosphere Corrosion Protection x x
Chemical Corrosion Protection .
( equipment surfaces in contact with
a corrosive flow )
metallic coatings (x) x
email, glass, ceramic coatings x
rubber, synthetic rubber {x} ; ]




n,

‘2.'

special polymerisation and
condensation products

Speciol Services
protection of surfaces in
extreme ho! services or under
combined ( atmosphere and
chemical corrosioug influence

Electrical

Power Generators
normal
emergency systems

Transformers

Switch Gears

Mo'ors

Small and Minor Equipment
Alarm Systems

Cables

Instrumentation

Measuring Devices

Positioners

Transmitters

Controllers

Indicators

Recorders

Electronic Equipment

(incl. computers )

Cable, ( electrical, pneumatic )
Minor Equipment

Al

82

(x)

(x)

(x)




Appendix 2

Tadulg 1

JEVESTYERT COST DISTRIBUTIO
IN CHEMICAL PLANTS

1. General Cost Distribution for Erected Material

Items % of Total
vessels, towers, reactors, heat exchangers 20 - 34
Piping, valves, supports 4 2
compressors and turbines - 18
pumps 1 - &
electrical " 4 - 1
Instrumentation ‘ 10 - 22
oivils 6 - 16
steclstructures, steelwork J- 10
thermal insulation 1« 3
painting 1« 2
various t=- 5
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Tadula 2

7 JEVESTMENT COST DISTRIBUTION
JN CHEMICAL PLANTS

2. Cost Distribution for Specific Unerected Material

Item: % of Total
towers 5,6 - 6,7
reactors 0,3 ~ 2,0
vesnsels 2,3 - 3,4
air coolers 0 =~ 0,4
heat exchangers | 10,8 -~ 15,4
furnaces 18 = 22
other apparatus 0,5 - 10
piping, valves, supports 12,3 - 15,°
compressors and drives 1 - 15
pumps &nd drives t - 2
eledtrical 2,3 - 5,7
instrumentation B4 - 11,7
various | 11 -13
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gt!;ehment 3

Manufacturing of Towers, Vessels

and Heat Exchangers

"workshop Plotplan Sample"
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Attachment 73

Workshop Plotplan Sample

(Remarke)

Main Storage:
Hacksawing and band sawing machine should be
installed in this area to avoid sawing of
profiles and the like in the manu+acturing
aren,

The same should apply to the gasket cutting

gdevice.

18t Line: Pressure Vesael Manufacture

"Cutting of Sheet Metal:

includes plate edge preparaticn for welding.

Welding of Jackets and Zhello:
means manutacture ¢of lengitudinal seams on
jackets uni shells (sections) only. Dished
heades wiil be fit tu jackels and shells in

the 2 s s e mb1ly area.

Assently:

for jacket and shell sections, bottoms,

dished hesds, nozzles and manholes,
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Pinal Assembly:
fitting or tray supports, trays, ladder and

Platform connections, bottom_internals ete,
to pressure vessels.

Final testing

end Line:  Heat Exchanger Bundles

Assenbly:

of the entire heat exchanger bundle,

Final Assembly:

fitting of bundiles into shells. Pressurs testing

of the entire heat exchanger,

ard Line: Other Components

Manufacture of trays, tray sections, supports,

davids, platform components ete,

§gpdblasting, Steelblasting

Sandblasting should be carried out outside the
workshop; steelblasting should take place inside
the workshop,

Blower, bunker and dressing plant should be

instal led outside.
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general

Various standard (two disko) grinding machines

and pillar type drilling machires should be

arranged along the various manufacturing lines,




Attachment 4

Manufactyr

ing of Toaers, vessels

and Heat Exchanperg

"Workshop EGuipment List for

Major Ttemsg®

1. Hanufacturing
2. Maintenance

J. Tonls

4. Genersl Equipment

This 1ist is restricted to machine toolsg and

28 generg) ia¢lcatlicn for other work:hop

eéquipment , Machine toolg are not specified

in detai],

Not inciudeq 4re: power ang utility facilities.

testing ang inspection facilities, Planning,

supervision, office requisites ete.



1.

Manufacturing

Cutting:

gas cuttine ma~hise (copying type)

guillotine shear ( 3 m cutting length,
top swingable for plate edge
preparation)

hacksawiryg umachine

band sawing machine
plate edge nreparation by grinding machine

and /or nibbling r- ~hine

Bending:

cheet metnl bending rolls (prestressed top roll)
tube bending wmachine (up Lo 40 mm ¢)

profile bpending machine

Welding:

automatic welding machines for circumferential
end longitudinal reams with welding device
support

(alterratively: antcmatic welding
mechine with tu lt-in infinitely variable

conveyance )




band operateg electrie welding rachineg

for electrodesg and S.I.G.M.A, welding
Procedure

(engine lathe; height or centers: appr,

300 mm;
lengtn between centers:

1000 - 2000 mm)

Planetary (movable) flange milling machine

Drilling;

radial drilling machine

(capacity: £ 60 mm;
appr,

length of action
1500 mm; power traverse)

pPillar type drilling machineg
(capacity: £ 20 mm)

Nilling,

slot (and keyway ) milling machine (or face
milling machine)

Pipe engd milling machine




Grinding:
plate edge grinding machine

standard {(two diesks) grinding machines

X - ray:

x - ray tubde

analysing equipment

Assembling:

water pressure pump
hoses

small hoisting equipment

Sandblasting (Steelblasting)

blower
nozzles and hoses
bunker

dressing plant

Painting:

spray-painting unit




2,

Maintenance
-———-—-“‘___
(of workshop €quiprent)

Tool 8rinding Xochiineg

cutter €rinding machine
twist driy; grinding machine
tool grinding machine

tap Brinding machine
saw eharpening Machine (fop bands)
Pillar type drilling machine
ohaping machine

standarg (two disks) 8rinding machine

carbide tippeg tools)
small forpging €quip ent

electric and gag welding €quipment




3.

Tools

electric nibbling machine

electric hand drills (various capacity)
electric hand circular saw

electric hand grinding machines
vlectric weldiing machines

gas weldling machines

abrasive cutting-off machine

power screw driver

magnetic clamping plate

tube rolling machine

hydraulic 1ifting cylinders with pump
small hoisting equipment

fork wrenches

gasket cutting device

angle measuring device

drills

milling tools

broaches

turning tools

tapping tools

screw spanners, screw drivers, scrapers, files,

gaws and other small standard tools




4.

General Lauipment

‘auxiliary assembling equipment

vessel rotatipg equipgent

transportntion equipment
eranes
883 cylinders fopr welding gases

scafiolding (rteel)
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