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Moukds

14k, The shortage of akilled mould makers and designore has been & major probe
lem for developing plastics fabricaticn industries, Loeoal fabricators tend o
usc poor mculde, and extended deiivery time ~ften nrevents competition in
export markcts, The poor quuinty an! S livery probles ales decrs o8 the
chances thret plastics will replac. ther materialy i the counmtry  As a pe=
sult, firms nust ~ften import noudds fros abroad, However, Al on-hangs
firms arc often difficult to desd with apd the fabricator say not get what he
thinks he 1o paying fore One LAFT. mouldivng cpersti-o had t wait four sonthe

for importcd moulds bofor starting pisat operations,

15, Establishing mould=meking facilities is imprtant for the growth of a
plastics fabrication industry. This is primarily an clducatiinal predbles,

since mould makers must be carcfully *rained, Soveral developing countries
have enployed foreign specinalists to preparce an! clecute such o prograae,
Crgenizations such as the SFI (Cocicty  f the: Plastice Industry), in the United
States of Amcrica, CKV in the Foderal Hepublie f Goermany, and RFF (British
Plastics Fuderation) in the United Xingdom can help Loate aatatic paersonnel,
Since it takes n period of time for the first trainoes U0 succosafully crmplete
sucth a programme and begin working, it may be advisable in the meantim to obe
tain assistancc on specific prnducts from expericnced mould makera in ther

countrics,

16, The combination of trained mould makers and » will-equippd msould-making
shop is an importent contribution to the growth of the industry, Un: coustry
was able to ~stablish mould-makine faci.ities by inviting a forcign moulder to
invest in a shop, provide know=how for the developing country, and manufactule

moulds for his owr firm,

&xporting to sWrounding aress
17. The export of fabricated plasties can of'ten be ncgotisted in nearby areas,
depending on trade relationships and geography. Many leveloping countries have

found that prciucts which cannct v =old in thoir owr land ean be exported on

the continent where differencos in purchasing power ar produet lesand provide

a rcady market, By taking advantage of these opportunities, economics of
production can often bd reduced to allow the eventual penectration of local markets,




Page 11

38, Dodhis Plastic Internationsl lR4,, jointly »wmel by Good Shoos Ltd, antd
She Phillipe Petroloum Company, is v exanple,  Good Shove Lt 1, hes a plastic
shoe factory =t Arushe, Tergania, and an injeetion moulding plant 4t Mombasn,
Renyn, which turn: out cunire, petrol terrycans, rofuse bins, beer und soft

@rink cratee, Another factory st Mopbaas manufacturcs pipe, consumer items,

printed polysthyiene bage, bar vis w! clectrical necossorics,

9. Bhoos sell well in the United Hepublic of Tangania, but chrirs are mar-
Reted mainly in Xouyes and Zamtiy whore restaurants and hotels can afford the
high prices (about UB$6,9%¢), On the othor hend, soft drink and beer crates
find sinor acceptance in Kenya, but » satisfrctory uxport market in Ethiopia,
the Budan and soveral Midile Enst ecountries., Other products are sold in
Malswi and Tambia,

#0, Many nev plnstics fabricators have missed the cbvious markets close to
therr production facilitier becausc of their concentration on markets in major
iodwetrialised ~cuntrics r beecuse of the lnek of l.ocal demand,

amponent pinstic parts for packaging

21, Market studi ¢ usunlly can letormine the prolucts thnt lend themselves
to emport, Howover, - bildon wark t for devoloping countrics is often in the
plastic compononty et Cr be o use  in conjunction with nen=plastic cxports,
Packaging ir o primary xsmple, Countr os oxporting fruit can supply foamed
polystyr. ne paoking for fragiic fruits, while formoed polystyrene trays cmm be
wped for hartor fruitsz, Foaped polystyrene can also be used for protecting

sensitive vstrumonts, appliance. and  ther products which must be shipped

long distnices, Urur lincrs can man 1g@portent savings for products such ns
dotergents. ™No.sc opportunitics cu cspecinlly mttractive because the fabri-
eator does not hav, tho oxpenditurdes  f time and money in developing overseas
markets,. Usually the asjor problen 1o convincing the cxporter thot plastics
cap Bean renl savingt in cowparison t oxisting rictlods, Only actual testing

and approval by the purchascr (importor) con prove its utility in many cases,

development

20, Bome developing countrics contond that rosearch and development is too
ecostly, During the carly 'arioa of growth this may bo truc, Most fabrication
operations arv owned by sne or o fuv individuals whe cannot justify expenditurcs
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on new product development, quality control, or process improvement, The
nature of demand at the beginning may not requirce sophistication in any of
these areas, However, as fabricators inercase exports into new markets, they
begin to compete with countrics who have expende . time and money to meke their
products meet market requirements., 4 iependence on suppliers of raw material

to accomplish this work has not becn an effective :nswer fcr most firms,

23,  Where individuel firms cannot meet the financial and technical require=
ments of & research and development programmc, the government often can, A
technical centrc with appropristc testing cquipment, laboratery facilities,
pilot processing cquipment, end polymer research resourccs (particularly in
compounding) could meke an important low=-cost contribution to the government
and/or participating firms. Trade asscclations have becn successful in aceome
plishing thesc aims while still permitting the individual processor to naintain
his proprietary freedom. The Plestics Pipe Institutc of the SPI in the United
States has made remarkable strides by pooling the individual talents of fabri-

cators for the good of the industry,

Education

2k,  The education of workers, technicel people and management is an integral
part of maintaining competition :n plastics, While the popularity of "packaged"
plants reduces the initial need for intensive exposure to changes in materials,
equipment, and products, it scon becomes apparcnt that further training is
necded to keep the progressive trend from reversing in the future, Various |
approaches to this problem have been sought by developing countries, Assist-
ance from the suppliers of raw material, governmental and world organizations
(coge UNIDO), and cnrolment in plastics training courscs offered by several
countrivs are some of the obvicus answers. Ono importent help is the current
literature and putlications on plastics, Further data on new products, materi=
als or equipment can usually be obtained at little or no cost from the respec=
tive sources, Jomc of the recommended publircations are:

Modern Plastics (mited States)

British Plastics or Plastics (United Kingdcn)

Kunststoffc or Flustikverarbeiter (Federal Republic of Germany)
Japan Plastics e (Jepan)

Poliplasti or Materic Plastichc (Italy)

Plastiques Batiment (France, construction)

Internetional Plastics Engineering (United Kingdom, equipment)
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Modern Packaging (United States, packaging)

kage Engineering (Unitcd States, packnging machinery and design)
Reinforced Plostics (United States)
Journal of Ccllular Plestics (United States, foans)

Plastics World (United States, largely applications oriented)
SPE Journal (Unit-! States, technical, resins, processing, other)

Contact sh-uld "¢ ra‘e with eny f scverel instituti. ns that have plas=

tics training progrommes. Thesc inciwie the Plostics Institute, which haes

formulated curriculs ctc, to prepar::

individuals fcr prrcessing «nd meinten=

ance jobs 1in the United Kingdom. The SPE (Sceicty of Flasti~ Ingineers) and

the SPI in the United States nlso have vast lucational resources,
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CHAPTER 11 PLASTICS PROCESSING EQUIPMENT

26, Any group orgnaized tc produce fabricated plastic products must of neces=
sity become expert in the types, capabilitics and relative economics of plas-
tics procecsing equipment, Adthough this roview is not designed to diseuss in
depth the mechanical side of the plastics industry, this scetion will briefly
liscuss:

(a) Mejor trends in plastics processing machinery;

(b) Key and rcliable sources of machinery and expert advice;

(c¢) Comparative cost of various types of machines and auxiliary
equipment ,

27  The sclection of machincry usually begins by deciding the type of fabrie

cating cperation desired, In the United Statos and throughout most other ine
dustrinlized countrics, plastic product fabricntors ~ften specinalize in one
area nf fabrication, e.g. moulding or extrusion. This specialization continues
with respeet to thermoplastic versus thermeset plastic mculding. On the other
hand, there are scores of husinesses wherc many types of operations coexist
within the samc plant, For cxample, moulders coften have thermoplastic and
thermoscet moulding equipment or moulding and extrusion operations in the samec

factory, |

28,  Oncc a decision has been reached, it is usually quite easy to secure j

cxpert and reliable advice on setting up operations from the major plastics
resin suppliers. The advice sought can ineclude help in choosing the correet
cquipment for the business sought or cxpected and the choice of equipment,
supplier, If the financial situation is viable, credit is often extended by
the resin supplier ~n initinl purchasc of rew materials.  The resin supplier

nlen annlyses recent equipment trends as the following paragraphs indicate,

Injcction moulding ani extrusion machinery

29« The reciprocating scrow injeetion moulding cquipment has taken over the

ficld from the plunger machines, The »lder plunger machines metre the resin ’
to the plasticating cylinier by measuring 2 fixed volume in a special volu=
wetric foeder, T rociproeatiage serow nechine plasticetes the resin by the
action of the screw whil. the serow meves backward in the eylinder, The screw
then rams the material through the nozzle by moving forward. Most plunger
types are usually ordered at the present time in small sizes, making

-’

Ju
y
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them impractieal for screw machines. Another trend taking plac is the in=
creased usage of larger capacity machincs. This has resultcd from the evelue=
tion of small plastic fatricntions to. those weilghing several pounis, Viry
often the large aprlications result from ~ustom noulding of appliance, autoe

motive and houscware nart.,

30, In the extruder f1.1d, t. most r.ecat techrologicnl changes have also
come about 1in th. serew design aret, veff. the developront andt use of multi-
stage screws, Ju important o isiderntion to remombor in Jllscusiing cxtruders
is the fect that optimizaticn of oroduct quality usunlly requires that the

screw be custom=tailored tec the kiad € rocin utilized,

Therme formang cquipnent

31, Little recent technoclogical chrunge has occurred in the field of thermo~
forming equipment. Most of the break=throughs in thermoforming have resulted

in nev and novel kinds of mould desigus,

Blow moulling cquipment

32, Notable in this field is the cmphasis >n designing cquipment, geared to
specific epplications., For cxample, the Uniloy division of Heover Ball nnd
Bearing has developed a sucvessfully narketea machine for in=dniry moulding
of milk bottles, The best machines on the market offer reciprocating scrow
parison extrusion or continucus parison extrusion opcrated in conncxion with

8 multiple-mould system,

Thermoset moul ling cquipment

33. The most exciting devclopment to teoko prlac: in this segment of the in-
dustry is the advance of the reciprocating serev injection machine, This
equipment will climinete in th: Suturc the need for the slower compression
and transfer moulding machines in plants having the nccessary volume to jus=
tify the increnscd expensc, In terms of cost, automatie comprossion costs

the least, reciprocating screw is medium=-priced, and screw transfer is the

nost expensive,
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Sensial irende

I,  Machinery supplicrs ar. catering vt the Acmand for “package” plants,
Thie refore t the sale of ar entire piant system, such the sane as buying
"turn key” rosin plant froe a lorign snl enginesring ~epany., Machinery
SAPPlicra Are o xtending their activitios AR ReFYices U mould procurement and
training of moutding plas’ speratore, This ev lution 18 8 desirabie ppore
tanity frr & developing amtry (oterested in setting & an operatin quickly,
Tt 1s also an cxpeditions pian since tae buyer can V- "one=stop” buying of
his entire plamt system,

35« The annex giver » selected list of pelinble machinery suppliers, It
showld be esutioned that prices 1o vapy greatly with time and it is also cope
ceivable that sperial pricc comcenniona might “ available dopending on the
size of the order, customer, srdering country, credit ricee end se oon, (See
anncx 1 to the first articls f this monograph for the sddresses ~f those
firme appearing w this chare, ) Ome of the meat complete catalogues of

aveilable cquipment is jublish ! oy (New York),

i, On the fol wing page 18 = price list £ a *typira] reciprocating screw
injection sachine sanufacturdd vy Van Dorn Plastis Machinery Company
(Cleveland, Onis, USA), & major mac hinery aystems supplier, The point f
this inclusion is t illustrat. that mercly purchasing the US$50,750 moulling
wachine does not put ome in the plasties fabricating business, Considerable
coot must be incurred for "optional” equipment vhich is very often more essen~
tinl than optiomal,




1D/WG.27/3

Page 17
PRICE LisY

I MODEL 450 - RS - 3‘|
( Effective From October 6, 1966

RECIPROCATING SCREW INJECTION MACHINE

Complete with
¢ THREE ZONE PYHOMETEFR CONTROL ( MODEL 212P WHEELCO OR JP WEST)
® BUUR AULTOMATIC OIL LUBRICATION SYSTEM
® GENFRAL PURPOSE SCREW WITH NON-RETURN VALVE
¢ ELECTRi. MOITOR SCREW DRIVE
® STANDARD NOZZLE
¢ HYDRAULIC SYSTEM ELECTRIC MOTOR
o POWER OPFRATED SINGLE POINT DIE HEIGHT ADJUSTMENT
¢ SCREW-TECTOR ELECTRO-MECHANICAL SAFETY SYSTEM
¢ LOW PRESSURE CLOSING . .................. .. ... .. . $50,780.00

STANDARD OPVIONAL EQUIPMENT

Mosxle Temperature Control
Powerstat Control in cabinet, heater band and open extended standard or nylon nozzle $275.00
Pyrometer Control in cabinet, heater band and open extended standard or nylon nozzle 465. 00

Standard Nozzle 1/2"or 34" radws . ... 55.00

18 KVA Transformer to reduce Incoming voltage to 220 volt, single phase for heating
circwit and 110 volt for eontrol circuit (second breaker kit not required) ., 450. 00

Hopper Magnet T T TR 140. 00

OUne (1) set of Wedgemount Mounting Pads (10) .......................... Cecenea 170.00
2-3/4" dia. General Purpose Screw {does not include Non-Return Valve) .......... 775.00
General Purposc Non-Return Valve comprising Tip, Sleeve and Sleeve Seat ........ 250. 00
2-3/4" dia  PVC Screw (less Smear TP ) e 825. 00
PVC Tw ..o e e e e 100. 00
PVC Nozzie ... . . 55.00
Screw Pull Back (see Supplement for SeqUeNnce) ... e e 400. 00
Center Hydraulic Ejector ( see Supplement for Sequence) ................c..\0o..... 1,750.00
Plate Type Hydraulic Ejector ( see Supplement for Sequence) ..................... 1,800. 00
8top Arrangement for intermediate platen positioning ................... Cetieanaa 225.00
Sterico Waie. Saver Valve installed ... oo Ceeee. . 125. 00
Bcrew Feed Throat [hermometer .................cooiuiiiisioein 35.00
Color requirements other than standard (VISta-green) ...............cuuvvunnnns . 150, 00
Key Resc: Electrical Cycle Counter ...............ovueineiiininn i, ceesaves 100,00
Intrusion Mold Kit ... . . cess 250,00
Core Pull Arrangement "A" ... ... .. eee. 1,100.00
Core Pull Arrangement "B" ... ... ... i «os 1,100,00
Core Pull Arrangement "A" or "B" (selective) .............. ... .00 cecenn 1,250.00
(See Supplement for Core Pull Sequences)
Export Boxing Charge ... et iiieaeae 1,500.00

Prices for special electrical or hydraulic requirements will be furnished upon request,
All prices NET F.O. B. Cleveland, Ohio. Subject to change without prior notice.

VAN DORN PLASTIC MACHINERY COMPANY
A Dwvision of Van Dorn Company
2888 CASY 79"~ STREET @ CLEVELAND ONMIO 44104 @ AREA COOE 218 PHONE 361-8234 @ TELEX 090483
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CHAPTER IIT END PRODUCTS

Categorics
37. Table 1 lists typical products made by plastics fabricators in

developing countries categorized by end products sector.

Consumer products

38, Housewsres, toys, combs, tooth-brushes, soap dishes and a multitude of
other home =nd personal products made from polystyrene and polyethylene make
up this group. Since most countriec import these products, there is usually
an establiched market which e¢ventually reaches enough volume to justify

local producticn.

Packaging
9. Film cnd bags for a wide range of products including food, textiles,
fertilizers and protective wrapping are sold to meet the specific product

needs of the country. Tor example, polyethylene wrap has been an important
busiress for packaging bananas in several South and Central American countries,
while in rubber producing countries, it has been used for a protective cover

for camelback rubber.,

Construction and industry

40.  Wirc and cable insulation has become an important application in many
developing countries with the growth of power generation,

Agriculturc

41. Plastic piping and, to a lesser extent, film for water conservation and

mulching have been established in many areas.
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Products made by plastice fabricators in developink countries
Plastics Major methode Of
Product _ _used _Jabrication
Consumcr
Houeewares FE, PG IM, B
Tablewore PE,PS IM
Toys PE,PS M
Tablecloths B, FVC Cal Ext
Curtain PE, PVC Cal Ext
Jevelry PS IM
Buttons s M
Flowers FE IM
Scap dishes PS IM
Gerden hose PVC Ext
kallets PVC Cal
Lampshndes PE Ext
Shoeg pVC IM
Tocth-trushes PE. Cell Acetate M
Packaging
Tire and bugs
Food FE Ext
Chemicals FE Ext
Text.les FE Ext
Feriiiizers PE Ext
Industrinl products FE Ext
Others
Caps, closures PE M
Bettles PE M, IM
Cups PS Vac form
Boxes PS IM
Industrial contairers PE M, IM
Construction and industry
Pipe PE, PVC Ext
Corduit PVC ' Ext
Wire and czble insulationPE, PVC Ext
Floor tile PVC IM, Cal
Upholstery PVC Cal
Chai.rs PE M
Agricultural
Pipc PE, FVC Ext
Liners-water FE Ext
Mulching film FE Ext

Key: IM - Injection moulding Vac form - Vacuur forming
B - Blow moulding PE - Polyecthylcne
Ext -- Extrucion PS ~ Polystyrcne
Cal -~ Calende~ing PVC - Polyvinyl chioride
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Eroduct damand
42. 1t is interesting to note that the industrial pector ie often
instrumental in creating enough demsil for plastice, thereby making production
eoonomics riore attractive and permitting lower prices to be charged for aon-
sumer items. Without tnis influcnce om wcluwe, pelymer prices may remain too
nigh during the first years of lecal polymer production, resulting in finished
products that arc priced out nf the reach of u lurge segment of the economy.
Population growth can be = misleczding indicator of consumer demand because of
the disparity in the distribution of income. On the cther hand, when indus-
trialization rcouires plastic-conted wire and cable, plastic conduit, piping
and related products, the demnnd for polymer increases substantially without

the time consuning promotional efforte nceded tr sell consumer items.

43, Another :ny of vicewing product demand is to use threc areas of plastics
use as a plarning guide: ) consumer, b) in the industrial sector, replace-
ments for products made from csteblished materials (e.g. paper, glass, metal),
and ¢) existing growing applications such as wire and cable insulation. 1n
many cases, P'VC tends to dominate the industrial "replacement" category,
polyethylene and I'VC the existing industrial applications, and polyethylenc

and polystyrenc the consumer segment, as table 2 indicates.
Table 2

Consumption of thermoplastics by demand scctors in
developing countries

Demand  (percentage)

Product area Polyethylenc FVC Polystyrene
Consumer 30 10 35
Industrial replace-

ments 30 40 25
Existing applications 40 50 40

Interplistic competition

44. In addition to competing with long cstablished materials, plastics
compete with each other, It ic not uncommon for a plastic dominating one

market to be replaced by anothcr plasiic, thereby affecting plant capacity of
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the substituted mnterinl, This cccure nost often when either or both of th
price~property variablee that hnad dircoted uwse ot o meterial changve Lr v
of anothur piastic, Tor cxarpiv, 1oal praduction of peiyethylens in one
country tnde it chospor than polyotyivne L0F sover ] o0 muber ttens, av 1=
ability of highedunsity podyothyiene ot corulviadent prices 1o styrene wow

welcomed becauec of the neod for 1nercaaed ragidity.

45. Cortain -~pplications »~c vore inune o intorplastic congetition thu
others. For cxsmple, FVC has bocn wed Ldtost cxciuslvely tor fioor 11l
phonogr=ph rccords, fiin wnd shect for upholetery, pelycthylon dominates
packaging film for food and soft poods, vhile polyetyrone usunily is found
inexpensive consumer items, In othor rerkoets for end products cuch ap wir
and cabile, roth PVC and polycthylence are uscd.  Simiiarly, toth plastics
ueed tfor plactic pipe. (Folyethylone docs not compete in rigcid, high pressurn
irrigation.) Rlow mouldcd polycthylene hnr repinced injection moulded

polystyrenc in ~ number of consuncr protucts,

46, Bven in the planning staecs, it ie important to understand wh.re
competition can arisc. In forccasting potentis]l consumption by cnd use for
futurc polymer production, scverti courtrics have frmilced to take these sub-

stitutions into account ~nd the result h.s been ovircapncity.
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CHAPTER TV IEVELOPMENT OF THE PLASTICS INDUSTRY IN SELECTRD
LAFTA COUNTRIES

Consumption and production

47. Available data show a steady incr.:ec in the concumption of plastics
by LAFTA countrics since the 1950s. Similarly, there has been a marked rise
in the number of fabricators, = declining dependence on imports of finished

goods, polymers, and intermcdiates, and a gradual expansiorn of cxports.

48, During the 1959-1956 period, the LAFTA region processed about 35,000

tons of plastics and imported about 50,000 tons, =2n apparent consumption of
85,000 tons, By the mid 1960s, the same group of countries was producing

about 155,000 tons and importing about 5,000 tons, fer an apparent consumption
of 240,000 tons. During thie intcrval, importced resin and finished goods

decreased from 58 per cent to ubout 36 per cent.

49, In all of these countries, polyethylene, polystiyrene and polyvinyl
chloride were the largest voiume plastics. Backward integration has centred

around these plastics as a result.

50. The esuablishment of petrochemical complexes to supply chemical inter-
mediates for poly . production has been limite< to the higher population,
higher GWP countries (irgentina, Mcxicc and Frazil), where cnd use demands
has or will re:ch levcls suitable for supporting a petrochemical investment,
Other LAFTA countrics have sclectively started n backward integration based
on currcnt and projccted end usc growth, availabvility of raw materials and
capital. Fertilizers have been the first step for some countries., In 1967
Dow Chemical and Petroguimica Chilena announced plans to build three plants,
each with annusl capacities of 15,000 tons, to produce vinyl chloride monomer,
PVC polymer and polyethylene. Similar plans are under study by other LAFTA

countries,

51. Even in countrics that havc established extensive polymer operations,

specialty resins continue to be imported since the volume does not justify

internal production. For example, in 1965, Argentina produced approximately

thirteon polymers, and imported cleven as table 3 indicates.

:
%
:
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Produced lmported
Polyethyiene P, 1,647
VC and copolymcrs 17, i00 358
Polyetyrcue 10,400 439
herylice 1,600 136
Polyyropylene 500 599
Urea fornldchyde 5,600 23
Polyvinyl acctate 44500 -
Alkyde, rolcics 4,000 167
Phenc] formnidehyde 3,%00 -
POly\ll”t thnnos 1 ,5% -
Polycstoers 1,500 26
Melamine f&]ﬁd‘cﬂdﬁh’d& 1,2% -
Epoxy 300 54
Polyvinyl =lcohol - 193
Cellulosics - 2,513

52. Recent data (se: tabtle 4) indicate that noarly 240,000 tons of
polyethylene, polyvinyl chl ride ~nd polyrtyronc were concumed by cight
LAFTA countrics, aocut 54 per cont whe produced domestically and 46 per

cent wae inmport.d,

Table 4a

Plastic consumption in sclccted LAFTA countries
(thousands of tons)

Estimnted Estimated
Plagtic congumption Froduction liuporte 197z consumption
Polyethylenc 95 ‘ 5C 4 364
PVC 94 68 b 313
Polystyrene 50 39 1i 137

Total 239 157 82 814
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Table 4b
Eetimeted plastic consumption distri%uted by country
(thousands of tong)
Sountrv e rE PS Total
Argentina 17 19 10 46
Brazil 35 18 14 67
Chile 7 6 5 18
Columbia 5 5 3 13
Mexico 14 28 9 51
Peru 8 5 2 15
Uruguay 2 3 2 7
Venczuela _5 A1 -5 22
Total 94 95 50 239
Polycthylene

53.  Low~density polyethylene aceounts for about 80-90 per cent of the
polyolefin lemand., Film is the mnjor application: ~n ¢cstimated 50 per cent of
producticn is converted into bass for packaging vegetables, dricd foods and
mcat. Other foods such -s sn},t; ricc nnd noodles arc aleso packnged in this
manncr. Shipmcents of bunans stome wrapped with polyethylenc shrouds contributed
to the expaneinn of the film production in scvernl banann producirng countrics,
~s did filn for protective covering of cameclback rubber in » number of rubber

producing nrcns,

54. In 1965 thore were five producers of polyethylene in the LAFTA countrics.

(Sce table 5.) The figures on thesc countries do not include recent plants.

Taple 5

Emguct_i.on and ccnsunption of polyethylene in sclected
LaFT4 ccountrics, 1965
(thousnnds of tons)

Installed Total
Country Production capacity Inports consumpiion
Argentina 18 25 1 19
Brazil 18 35 - 18
Chile - - 6 6
Colunbia - - 5 5
Mexico 14 18 14 28
Peru - - 5 5
Uruguay - - 11 11

Venezuela - ‘ - 11 11
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55. The growing consumption of polycthylerc finished products in Argentina,
Brazil and Mexicc has been nided by lowecost domestic sources of ethylene from
petrochemical operatinone, The duweloprment of the Prazilian polyethylenc
industry is of particular intercct for developing countrics teenuse of the use
of sugnr cane nlcohcl ~e the source of vthylenc, The ~ccompanyiny fisure

presents this process in diniras forr.,

56. The availrtility of cane - leshel for produsin: cthylene con be
economically ~dvantasceous to 1 country without wnoush dennnd tor the products
required to support a petrochemicnl wenture, or for - country without petroleum
reserves, In Brazil, Unicre Crrbdde do Brazil S built o 3 ton capacity
ethylenc plant in Cubrtfo irn 1950 based on o susmr cane alceohol proc.ss,., By

the e¢nd of 1967, capacity had rcached approximatoly 27 tons.

5. Ethylene i5 produced fror ethanel by caterlytic dchydr-tiorn (cthanol is
converted from the alcohcl). There are several ~dvantayee to thic approach,
Investmont is relatively 1ov (the orisdned plent coste about US$400,000) and

the operatiorn can be run with ricdest 1-lour recuire .onte (the seni-nutonntie

plant irn Irazil uscd only two operators and ~ port-time supervisor per shift),
Expansions can rcportedly be made without addition~l lebour. The cfficiency

of the plant is about 90-94 per cunt, and ethyl ~lcohol ie recovercd ‘
and recycled.

58. The eccnomic limits of thie process arc 1ikecly to vary from country to
country. Some countries indicatc that 25,000 ~nd 40,000 tons per year arc the
minimum nnd maximur. parameters.  Seyond the poximum "iuit, rnaphthn cracking
may be cherper. (Union Carbides first ethanol dechydrntion unit in India has
been converted to Kephth. cruckinge.) Thu other znjor producer of polyethylene
in Brazil, Elcctrotun., hnr alsc used vthanol owing to shortages of vthylenc,
A8 ethylene becomee ~vailable from petmocherical unitc, it is often cheaper

to divert the production of alecohol te other uses,
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Polyvinyl chloride
59. The consumption of vinyl chloridc polymers in the LiFTA region was about

94,000 tons, ~lmoet cquivilent to the p lycthylene demand,  However, difforent
markets r~ccourted for most »f thic velw iy Ceete wire and entle insulntion,
e€lectrical conduit, calendered fil: .u.d shcet, corted fatrics, shoce and

records, Wirc ~nd cnble ic the L.reet wpplication chteenry ot this ¢#TOUp.,

60, The praducticn ~f polymers hes progressed ropidly with twelve producers
in eight cowtrice having 1 contined instnlied cnpreity of S5, 000 tone,
Based on production of 68,000 tons, plont wtilicoation was abeut 70 per cent.

Several new plants will be producing bty 1970,
Tablb 6

Production and conswuiption ct polymers in selected
LAFTs countrics, 1965

Number of Instal . ed Total
Sountry producers Prod.ction capacity Li.ports consumption
Argentina 1 17 2l - 17
Brazil 3 35 40 - 35
Chile - - - 1 7
Columbia P 2 13 3 5
Mexicce 2 14 23 - 14
Peru 1 - - 8 8
Uruguey - - - 2 2
Venezucla 1 - “- 6 6

61. The varied approachcs used in the manufacture of PVC monomer and
polyners by LAFT. countrics illustrate the importancce of raw material avail-
abllity, location, plant sizc -nd co on., The first PVC prcducers in Brazil
manufacturcd nonomcr from acetylene, using both produccd chlorine, cauctic
soda and smaller quan‘ .ties of cslcium carbide. The first plant in Peru (about
5,000 tons) was bascd ~n ethylene from c¢thyl nlechel; chlorine was obtained

from ~ chlorine-crustic plant.

62. In Columbi-, ~cctylene from a loeal calcium carbide plant wns uscd for
the first vinyl chloride monomer plant, In Mexico, vinyl chloride was importecd
prior to the installation of the Pemex monomer facility (20,000 tons per yoar).
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63, It ie not uncommon for producers to incorporate new tcchnology when
capacity muet be incrcased. For cxmample, oxychlorination nay be integrated
into the existing facility in certain casce. Ethylene from cracking operations
can repiace alcohn]l othylune, -nd surplus hydrogen chloridc can be used with

¢thylene in an oxychlorination unit,

Polystyrenc
64,  approximately 7O-B0 per cent ~f the 10,000 tons of polystyrene consumed

ie injeetion moulded into consumer items; ricst of the remainder ie extruded
intc sheet and vacuwn formed intc refrigerator liners ani niscellancous house-
hcld items.  Some of the moulded items include bottle caps, pins, icys,
compacts and tc on. Inductrinl componcrts made in = fow countrics include
radio rrd televieion cabinets, toilet seats, and other items.

65, Ir higontine, Brazil, Chile, Coluntia, and kMexico, twelve firms

accounted for nbout 17,000 tons of polyrer and 4,000 tons of imported material,

Peru, Uruygu.y ~nd Venczucle imported 211 rocded matoerial totilling 9,000 tons,

66, It is interesting to note thet in Brazil one monomer produccr (Cia

Brasilcira de Estirenc) has supplicd the necds of threc polymer producers

and the Petrobas synthetic rubber plant,
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CHAPTER V IEVELOPKENT OF THE PLASTICS INDUSTRY IN
THE ECAFE REGION

Feovricution

67. . The patterns of acvelopment in plasiics fabrication are parallel to

those found in cther developing ~runs. A4 fer fabricnators tend to dominate
production; p:lycthylene, PVC ~nd relystyrence ~re the key rinteri-ls processed
and are tnrgcts for backward inte ristion, Differencee nre frund in the types
of products nnde, -~woilnbility f pow materisls, —nd sceio-economic pattorns

relative to LaFT.. countrics.

68. Using five countrics s ~n cxmple (knlaysin, Thailand, Pakiatan,
Republic 5f Chir and the Philippinces) the best wrilatle dit~ indiente thrt
consumption of plostics increns.d from 8,000 tons (~imost ~11 imported) in the
1955-1956 pcriod to well cver 62,000 tons by 1765-1966. Estim~ted consumption
by application and plastic illustrotcs the structure of end product demand in

these countries, as shown in tnblc 7.

Polycthylene
69. Packaging is the key market in rost of the ECAFE sectore. Conversion
of film into bags for fertilizer is responeibic for much of the recont growth
in film production. This, «f coursc, is rolated to increased fertilizer
production. Packaging of textiles, sug Ty chemicals and food articles
constitutc most of the remaining demand, Cape »nd bottles ~re a smaller outlct,
but the demand is frowing, PBlow mouldcd containers ~re rel . tively new,
Products packaged include liquid wax. Folycthylene-lined cnnnls have been
used for conservation in 2 few countries, €., Indi~n, Wirc and cable insulation,
flexiblc pipe and a variety of moulded consumer products form the bulk of

remaining usage.
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sastics in colectcd ECAFE ccuntrics, 1964~19652/
millione € pounds)

Repuklic
End us¢ iayein Ihiliprincs thailand Pakistan of Chinp;
Polyethiyivre (1w nnd high-der-ity)

C&ﬂt&inﬁm C.f) L.(;‘ 005 Oo5 200
Film 4.5 4,0 9.5 6.0 9.0
Coble insulation 0.9 Ce5 - - 1.0
Pipe v/ Neg 0.5 1.0 0.5 0.5
Mouldings, cthe L2 1.0 2,0 2,0 1s3

Total 8 1 13 9 14
Floor tile Neg Neg Neo Neog 0.5
Shoes 0.1 4,6 1.0 3.0 305
Pipc, hose 1.5 2.5 1.0 1.5 6.0
Cable insulation 2.0 2.0 2.0 3.0 1.0
Film and sheet b 1. 5.0 - 005 12,0
Mouldings, other? Qg 25 a0 o awa

Total 5 14 5 9 40

Eolygtyrone

Mouldings 1.5 2.0 1,5 2.0 2.5
Packaging 0.5 0.5 - - -
Foms - - - - -
applinnces - 0.5 0.5 - 0@2

Totsl 2 3 4 2 )

a/ These fivures inelude cxports,

2/ Jince the 19954-19€5% period, thcre have been ncw producere (c.g. of floor
tile) of products oot shown here by velume, There have also been significant
decreasce in consumption for -ther itcms (e.g. shoes) in some countries,
while products such as rope and cord, nct shown here, have risen substant-
ially. Therefore, these data should be used only as a guide or "profile” of
resin consumption,

Poixvinx;,chloride

Film and shoot

70.  Calendered sheet and cloth are uscd for upholstory in automobiles, for

furniture, and for exportcd producte such as baby pants, raincoats and
leather cloth,
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71. Vinyl sandels arc a well-cstablishcd consumer product. They rre moulded
by shoc fims (e.z. Bata Shoc Company) -rd independent fabtricators. Over-
capacity occurs «ften in this industry, resultinsd in severe price competiticon,

Calendered viryl-tzck.d cloth for shnae uppers ir also prcducced in some areas,

H;;g and cabtle insulstion

T¢e  The cxpansiorn of hydreelectric power in developed and developing

territorivs has increascd demend for ingsulated wire and catle in power,
telephone, houschold and reloted systems, Electric utilitice account for a
major shure of extrugion. Heavy iaports of wire and cablc have held back

the expansion of polyrer production in sonc areac.

E}gc and conduit

73.  Rigid vnter pipe ie widely nccupted for water transmission., In Malaysia,
it is uscd in tin mince, and for irrigation of rubber plantations. The
consumption of clietrical conduit hns increascd with thoe growth of wire and
cable installations, Other extruded products such ns poultry feedcrs aro
markcted,

loor tile

74.  Scverel countries hove shown preference for vinyl floor tile in new
housing. Others such as China (Taivan) prefer cement.

Pelystyrene
15,  General-purpose gradcs of polystyrenc arc used in n vartety of consumer
items including combs, housewnres, floucre, toys, advertising displnys, tooth-
brushes, tumblers, nd packa,ing. OSmaller guentities of high-inpact rcains
arc consumcd in a few countrics for nppliances, including vacuum formed
refrigorator lincrs, uculded radio cabinets, nir conditieners, and other
components, Polystyrenc foam has becn scld in small amounts for cold

storage applications.
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tice indust in Thailand

76. The plastics industry in Thailnnd has grown dramatically in the last
fifteen ycars. During this perind, the number of reyistced fabricators has
increascd from less than ton to over 250, Preduction is dirccted towards
consumer itcms and packaging. In 1966 an cstimated 39,000 tons of finished
plastic products imported and produced locally were consumed. This compares

with 2,000 tous »f consumption in 1359=1G%6.

T7. End products usings imported resin ns o component include irsulated wire
and cable, coated paper, plucs and resins, and paint. Finished plastic
products imported were toys, footwenr, noveltics, signs, and furniture
surfacing. Products fabricated from plastic raw raterials include toys,
containers, dinncmware, novelties, clectriecal fittings, cxpanded polystyrcne
products, rope, tapc, drinking str-ws, footwear, rigid and flexible pipe,

and film and bags for packassing, Tnble 8 indicates consumption by c¢nd ust,

Table 8

Consumption of finished plastic products in Thailand, 1966

End use Consumption
(thousands of tons)

Films and Bogss (packaging) 11

Flexible film and shect g .ods

Moulded or e¢xtruded toys. novelties,
containere, trays

Rope, cord and tape

Pipe ~nd hosc

Insulnted wire and cable

Electrical fittinge

Paint (polymer content)

Furniturc, laminited sheets

Signs and novelties

Expanded polystyrcne products

Moulded footwear

Polyurcthane foam insulation

adhesives and coatings for wood and paper

Cellulosics

o

L
Lol \WR WS IR R R

ZOOOO?OMNUO\

Imw
[]
(11
.

Total

8
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Backward integrotion

78, In many ECAFE countrics, the develovment of a petrochemical industry
is still severnl yeaurs away. The demand musl be strong cnough to support
several end uce product ~rerg (e.p rlostics, aynthetin fibres, deteryents,
rubber) based on petrochemical feedstocke., Optimum plant cconomice tor
intermedintes are importont so that the firiched products can compete in

domestic and cyrort nnrkets,

19. Countrics cuch rg India, Pakistan and Iran have been able to relate
incrensing demnnd in petrochemical consuming end use markets to Justidy the
eetablishmert of petrochemical complexes, Indin iz an interecting cnse
history for devecloping: countrics, sincc prior to the installation of naphtha
strcan crackers, organic chericrls i non=petroleun oririn were used to
supply growing ond product dem~nd. These inelude fermentation nleohol

(€eg. from molasscs), coal-derived aronatice, and ncetylene from

calcium carbide.

80. The production of intermediates and end products from non-petrochemical
sources is highly desirabie for a devcloping country, In addition to their
availability, they can usually be manufacturcd in suall ounntities with
respect to investment, Thie ig important when end uge markcets arc still too
small to justify ~ hish 1.vestment petrochenical complex. furthcrmore, a
matcrial such as nleohol can be converted into ethylene without by-products
(e.e. propylene. butadienc). 4 petrochemical venture would have to seccure

outlets for these by-products,

81, When one considers loni—raree plans, the production f non-pctrochemicale
may not be decireble for o developing courtry. The high cost of production

is a major probleir, Fthyicne produced from  nlcohol has been much more
expensive than cthylene from naphtha in many countries that have utilized

both methods., Sinilarly, accetylene derived frorm nephthe 1s usunlly

cheaper thnn caiciun crrbide sources, and petrochemicnl benzene less cxpensive
than coke oven benzenc, Because of tho hirh-cost fucdstock (ethylenc from

alcohol), prices of polyethylene were relatively high and consumer goods could

not be fabricated in the volumc hoped for.
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82, To build a low-cost product basc, petrochemical feedstocks are usually
necessary., This isg particularly truc if plastic end products are to replace
imported products - . irom stocl, cettor, wool and other items. At one
time, Indi-~ imper:. . ver US$350 rillicn of thesc materials, Competitively
priced plastic products are alsc essential for participation in the world

cxport markct,

B3¢  The estiblishment of * petrochenical industry in India is well
documentid. Scvera] CompleXes are now in operation, ¢.g, UCIL {Union Carbide
India Ltd) and nocy (Nation.l Organic Chenical Industrics Ltd), and others
are plamnned, The production ¢f low-cost vihylene will be used for nanu-
facturing rolycthylene, PVC and other products, Propylene will te used
largely for intcrnal needs (kutoncc, tlconols). Outlcts for butadienc and
high-purity benzone are under study., The production capacity for the NOCIL
complex ie indicetod in table 9,

Table G

Production capacity for NOCIL complex in Indig

Product Capacit
(ton/year)

Ethylenc 32,500
Ethylenc oxide 4,000
Ethylenc glycol 1,000
Diethylene ;:lycol 750
Polyethylene glycol 1,000
Ethylence dichloride 3,000
Vinyl chloride 8,000
PVC 16,500
Isopropyl ~lcohol 2,000
Dimcthyl ketonc : 7,000
Diacetone nlcohol 2,000
Methyl isobutyl ketone 3,500
2-ethyl hexanol , 7,500
N-butyl nlcohol 5,000
Butadienc 7,000
Benzone 13,500
LPG, other liquid fuels 55,000

84. It is intoresting to note (tablc 10) that plastics were the fagtest
growing segment of the pctrochondcal-consuming end uses in the long-range
plan for petrochemical development in India,
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Table 10

Srowth in selected industrisl segments in Indis, 1960-197)

Anrnual compounded
Frodurtio cTowth rate

]@g_ggg (thousandy o+ tong ) _ﬁperceutage)
) S X =~
060161 1,01 70-1971%/

Plastics angd

resing 16 14 320 42
Surface Coatings <93 140 21C 15
Dye~stuffs 54 94 13.4 10
Synthetic filpres Neg. 20 60 25
Synthetic

detergents 1.2 20 30 38
Synthetic rubbor Neg, 50 123 20

Source: Datg furrished by the First United Nationg Interregional Conference

on the Development of Petrochemical Inoustries in Developing
Countries, Teheran, 1964,

8/ Estimated.
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CHAPTZR VI~ TECHNOLOGY IN PLASTIC3

Sourceg of tecanic 1 inform ‘1on

85. It is nol surprising th . coun'rics soeking technology to produce
polymers often turn .o couniries *hot hove been importint sources of ime
ported polymer ~nd finished proiucrs. :ar exmple, J pan is - le:der in
vinyl technology ~nd - cupplier of resin to ZCAFL countries. M ny cf the
new plonts i1n the ECAFT regionr ~re b sel on Jap.nene *echnology which is
often provided ~s » complete "pack-ie" cnow=now, pl.nt desisn and stort-up.
Some of the new PVC pl n.: which begnn with the ~1d of Jeprnese technolagy
during the 1565-1967 period ~re 1indiz ted irn t-ble 11,

T ule 11

Recipients oi J p-.rnece PVC iechnology in Asian
countrien, 1465-1907

oty

Country Yeir (tons/ye r) Licenger Recipient
Philippines 1965 4,000 Shin=Etau M~buhny Rubber
Republin of

Chin- 1960 1,000 Shi:~Etsu China Plaastics
Republic of

CLin: 1966 11,000 Kangifuchi  Yee tong Pl.stics
Republic of

Chin:. 1965 8,500 Sunitomo Cothry Chemicnl
Republic of

Kore. 1967 12,000 Shin-Etsu Koyoei Vinyl
flepublic of

Kore- 1966 7,000 Chisso Doaelian Plastics
Indin 1965 7,000 Shin-Ztau Delhi Cloth and Mills
Prkigt n 1966 6,000 Shin-Ztsu Reyez=0=Kh-lid

BL.  Note th~t plant size tende to be in the 6,000-8,000 ton per ye-r range.
Countries with est.blished morkets (c.g. wire 'nd cable) such g China (Taiwan)
or the Republic of Koren cun support lerger inst .l11-tione. The ~bility to
captively fibricte polymer into finished products is lmportont 1n reducing
seiling costs ~nd pl-nning production schedules. The Reyez=0-Khalid plant
(Arokey Chemicnl Industries) converts -bout 45 per cent of its PVC oroduction

to pipe ond ~bout 35 per cent to calendered sheet.
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87. Tadle 12 givee the extent of American “ctivities in producing polyctyrene
and PVC in vrious countriece, Some vays in which thcze ventures mnr be finnced
we illustrated in tible 13.

Loblo 12

United Stites of amorica techiaic 1 ~id in sever.l countries

Cauntgx Polymap cupplicr of know=how
Argentin-

Mons:nio Argontinea Poly=tyrene, PVC Mons nto

Ipako Polystyrone Koppers
Brazil

Compnnhi~ Br-sileips

de Pl-sticoz Koppers SA Polyetyronc Koppers

Geon do Brisil PVC B. F. Goodrich
Chile

Plostiquimic Polrsiyrene Krydot, others
Indi

N~nd-~1l Koppers Ltd Polystyrens Koppors

Polychem Polystyrene Dow

Chemic 1s rnd Pl -stics PVC B. F. Goodrich
Isr-cl

Elcetrochemicnl Polystyrenc U.8. know=hor

Fruci~ron PVC Z. F. Goodrich
Columbi-~

Dow Columbin Polystyrenc Dow

Petroquimic~ Columbin- PVC Dinmond llkali
Mexico

Monsanto Mexie~na Polystyrane Mons.nto

Union C~rbide Meoxicane Polystyrene Union C..rbide

Geon de lMexico PVC B. . Goodrich

Mons: nto Mexican PVC Monsanto
Peru

Y. R. Grace PVC We R. Groce
Republic of Chinsa

Tai To Chemical Polystyrene Hobil Chemical

Lings Petrochemical

Polystyrcre

Coaden 0il
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Table 1
Finncing selected polym r vontures in Argentino
Origin o7 Coprtl Financial
_ompany P ¢ ology ve-ted tructure
Com ol r ychnol oty 1nve s
I ko .
(Konpera)  Polystyrenc  Koppers ue 31 mill. 51,. US capital investment
Zthylenc ¥t Argontine capital
¥oppers Polycthylene Xoppers Us $13.4 Lo, Impor:=ixport Bank,
mill. W. ghington D,C,
HZona~nto ,
Argentin:  Polystyrence  Monsanto Us $1 mill. 100% forcign investmont
'l .stico
Bernardo Polystyrenc  Interncl 40 mill, Pesos Il tional investment
Muperial Polyethylene 1ICI, £5.7 mill. Forcign capitsl
others Us $16.1
mill, ICI
Norcns=Pl st Methyl metbe Intcrn-l, 13.8 mill. Argontinc capital
acrylate vith help Pesos
from
Mitsubichi
Rayon

Sources Gntti, O., R. 3cltramino ~nd E. Paequinelli (1964) §” industria
ctrogquimica ca 12 Repdblic~ Argentina, First United Nations
nterrogionnl Confarunce on the Dovelopment of Petrochemicrl
Industrics in Dcveloping Countries, Tcheran, PET/CHEM/CONF.47.

Ner tcchnoloa

88. The pl~stics industry is witneseine ~ scrics of important break-throughs
in polymer ond fabrication technology. Most of the new polymcrs that have or
will be in*roduccd ~re high-priced cngincering moterials thet will find little
demond an developing countrics. [t 1g concoeiveoble that in the future somc of
thuse m y bocome 1 rge-volume, lov=ccnt regins vhich might provide opportunitics
for f-bric.tion into products for cxport. Tor c¢vumple, poly-l-butcne has very
fivourable propertice for film, pipe -nd vire, 'nd coble insul~tion. Chlori-
nited polycthylene is n import:.at component of several PVC systems used for
floor tile, pipe, shect ~nd cont:iners., JIonomers have made strong hendway

in prckaging, ond 4~methyl-l-pentenc is being used for laboratory wores,
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electricnl 'nd packaging products. Somc of the newer high tcmperature
polymers includc polysulfone und nolyphcnylincoxide (FPO). Notcworthy nylon
mrterinle are aylong 11 wnd 12, whizh compete in scvercl nylon 610 m-rkets
and specinltsy roo-, Tt is Intaresting ro nate thot eonsiderable work h-s
been done by th: lorthern Regisn 1 foso-reh Lebor-tory (Peori, Illinois)

on the symthesis of nylon 5 from sov=boon oil (nylor 11 ~ud 610 “re commer-

cinlly mrde from c-stor oil),

89. Mony firms re ttempting to iniroduce plostics vhich combinc the best
propertics of tivo miterinls. Tloends of «crylic and polyvinyl chloride, poly=-
crrbon~te mnd AKS -ro xomples, Gl ss=-reinforecd vhermopl “s*ice hove only
begun to find uccs. V-rious typce of other fillers, including rsbectos, ~nd

metnllic fibres iro providing - wholc =pectrum of nov product opportunitiecs,

90. Polymeriz~tion procenses ~re also under modific tion, Solutien grades
of high-density opolycthylene ~ro beingr replced by purticle from resins in
blow moulding - -.d cventu~lly 1n sclected injection moulrding : pplic~tiong.

In the futurc, ¢.s=ph s. polymiriz tion could lerwr production costs even
more. Copolymers of cthylunc vith othur monomers {oog hexene=I) are pro=-
viding better olefin rocine.  Bulk polymeriz-tion of vinyl chloridc hhs been

ndopted by  numbor of countrics.

91. Fobric~tion cquiprent ~nd svstems ~re -lso undergoing - pcriod of
wdvoncement. R .di~tion offire cxciting possibilitics {or curing and on-
haneing propertics. Cold forming hrs recently “ttricted consider-ble
ttention. advint-ges of ‘his proccex include the rbility to m ko heovy
valled prrts th t ordin rily could net be mede on plrstics cquipment, high
production r.tes, lower tooling ¢costs, reduction of trimming, oliminntion of
sprucs or weld lines, ~nd -bLility 1o f-brie-tc high molcculnr weight polymers.
Reinforced thermoplastic shect th b con be stemped h o beon introduced in -
few countrics. !Microw-.c curing of reinforeud polycrcters may roduce Joining
time consider-bly. The injection blow moulding “nd cxtrusion casting of

composite films ~lso arc import .t ~dv-necmonts.

92. Even the technology of bosic row materi ls 15 undergoing changes., }he
Officc of Conl Resureh (Department of ‘he Interior) i1a the Uni‘ed St .tes has
sponsored Projce* COED (Chr 0il Encrgy Development) to dovelop an cconomic
process for converting cowl to -~ €78y = liquid, ~nd - solid, -nd to upgrade

the coal substance nnd decreasc the delivered cost of conl cnergy.,  The same
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~geney hng r.lso sponsored work on the conversion of coal to more¢ valuable
fucla. Thig is not nev, since o1l wic made from cozl in Germony (about

5 million tong n Jor) during the Sccond World W-r. Houcver, continucd
cdvone.s in ¢o°l conversion involving hydrogen-tion, g-sificntion and oxygen
minuf-cture provide hope th.t cconomic:lly fensible operntions will bc able
to t ke ~dvantoge of the corl rusources ~valloble 1n mony arens. further-
more, there is o possibility thet putrochemic 1s could be produced some doy
“t investmente thet would be very nttractive in comprrison to conventional

refincery svetems.

93, 2lthough ihe myriad of now polymers, fabrication and polymerization
proccoses -nd changing Fecdstock technology may not be of benefit in the
immedite future for most developing countrics, the possibility of in-
corpor:ting only onc or tuo ncw idens mhy be well worth thc timce spent

studying these recent advances.

P
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