CHAFTER VI
COMPETITION BETWEEN NATURAL AND SYNTHETIC.

IXNTHODUCTION

The threet of synthetlo rubber has been erhanced
not onlv by the increased canacity of 1its produotlon through
the erection of new plants throuvghout the world but also
through the introduotion of stereo~regular rubbers which are
claimed to be a complete replacerment for natural rubber,

We have to accept the fact that increasing
competition from synthetie rubber will mean that the priee
of natural will follow a dowaward trend towards the end of
the decade. The industry rust, therefore, be prevmared *o
he in a position to sell at a vprice highly competitlive with
that of its synthetic counterpart,

In the analysis of synthetic ocmpetition of the
difficult vroblems which is encountered here 1s that there
js a broad number of types available in use,” ocoupled with
the extraordinary diversity of end uses. As such, I have
in mind “synthetlc" which covers all these broad tyves,
go that my treatment of the synthetlc elactomers will be
very general indeed. However, it can be judged from the
nature of the cormetition of synthetlc and its raplid devel-
opment to see the relative standing of nmatural in the
world market.

It 1s thus, a meaningful economioc analysis of
competition between synthetilc and n2tural can be made with
reference to a whole range of polymerioc elastomers, whiesn
have heen or will be available to the processor or
fabricatar of "rubber" products.

£

FACTOR SUBSTITUTION BETHREEN SYNTHRETIC AND NATURAL,

Netural rubber comvetition sinoce the end of ths
second ¥World War has provided Economists with an interesting
case stndy of the close interplay between the technical and
eacnomic aspects of factor substitution in rroduction., In
any oroduction nrocess, there are varions degrzecs to whioh
one factor of production can be substituted for another,

In the case of factor substitutlon between synthetic and
natural the possipilitles of technical substitution have
undercone furndamental changes 88 new gynthetlics have emarsed
on the goene, The elasticity of substitution is exclusively

a technioal gnestion relating to the partioular character of
+the nwoduntiﬁe procese and its unloue technoliocy. The nrocess
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of subsltitution between natursl and synthetic oan be
treated under three possible situations.

1, Where synthetio rubber enjoys a techninal
suneriority and there is mo competition from
natural rubber.

2, Whnere natural rubber enjoys a technical
suneriority and there is no ccmpetition fronm
svnthetic rubber.

3. Where there is some decree of competition
hetween natural and synthetio.

In this case, we are more oconoerned with situation
3 where the ultimate cholce between synthetic and natural
has evolved around price and ccst considerations,

Firuve 5-1 provides an 1llustration of the nature
of the three situations hetween synthetlc and natural,
(For a detailed exnlanation of the dlagram, refer to Chapter
IV under the subheadineg "The Relationshiv of Synthetis and
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Between Naharal cnd SqynieRe,

Zone A and Zone B are the relatively no comonetition
areas due to individual technical superiority.

Zone C shows the situation where competitlon between
synthetio and natural 1s most Intense. Here, if the cost of
nertural were lower than the cost of synthetic relative o the
value of thne final product then natural willl be selected,

This 1s due tc the marginal valuation of a product to 1ts cosl,

Racent synthetic developments indicate thst Zong B,
where natural has a technical superlority over synthetig may
be eliminated so that there may be an increase In Zcne u.where
cormpetition between synthetic and natural is intense - the
elasticity of substitution between natural an¢ synthetlo wil}
shortly beoome almost infirilte. This is to say that synthetlc
will invarianly hecome an aiknos’d nerfect substitute for natural
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in 2]l its uses,

Therefore, the question of comvarative costs and
comparative advantarses between the *two may he likelvy to be

more decisive in future uses of { : natural or synthetio,

GENERAL CLASSIFICATION OF SYNTHRTIGS.

Ther term "synthetio rubber" is of course, a
misnomer, Ao conmonly used the term covers five ma%or and
many minor volymers and co-rvolvrers, each a dlgerete
elastomer in itegelf. Theyinclude, therefore, co-molymerised
butadiene and stvrene (SBR rubber3 Polviso-bhutylene ?Eutvl
Rubber) polychlorovrene (XNconrene), no-volvmerised butadiene
end acrvlonitrile (Hyear, Chemigum or Rerbtiman) and
rolysulfides (Thiokol). Recently the synthesizing of stereo-
regnlar cis-roluisovrene and cis-butadliene on a commercial
scgle has added two significant new volymers to the list of
synthetic rubbers, iiany more of such stereo-specifio
polymers 1s likely to make 1ts appearance in the near future,
The ta@rm synthetlo, therefore, cover all these polymers as
well as other less impcrtant;ones in the senre of cuantitative
usage. Such 1s the range ofappliocability of "synthetiog"
when we commare it with natural.rubber,

A knowledee of the technical provertles 1s ezsential
as synthetic competition 1is based on its technical sultability
when comvared to natural. The extent of its qualities over
and above that of its countervart will determine the extent of

ts usage in iIndustries,

TECHNICAY, SUPERIORITY OF SYNTHETICS.

The neoprene synthetic volymersz vpossess suparior
resietence to heat, oil, most ohlorinated hydrooarbon and a
large number of chemloals. These qualitles have enabled
their wide usage in mechaniozl products such as hoses,
conveyor belts and auntomotive parts, industrial gloves and
g0 on, where resistance to ocertalin agents are desired, Other
qualities which further extend their usage 1s in thelr abillity
to withstand age and flame resulting in thelr widespread use
in safety aoprons, bonded fibres or foam products where 10ng

vear 1s souzht.

Butyl rubber is highly inpermeable to most gases
and more effective as an air retainer than natural rubber. On
such 8 basis of technical suitability, Butyl rubber has
rapidlv replaced natural rubber in mwiner tube manufacturing
and with the advent of bubaeless tyres, it has been used 25 an
air sealent for them. Its other wualitles include superior
ozone and weathering characteristics and_does not harden or
crack when exposed to heat and oxyzen. It has been a wilde-
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spread replacement for natural rubber yhere such deterio-
rating factors are widesvread. ' |

The general pmwmose butadiene-gtyrene co~-polvmers
has superior abrasion resistance., whioh is siqnificéntiv
better than that of natural rubber that almoct all autoénblle
tyres manufacbtoured taday yse "synthetin' treads made from

butadiene styrene rubhar, )

TECHNICAT, SUPERIORITY

The other side of the tectnieral enin can be referred
here, Natural rubber bhas a imiaue superiority over anv
comnierclally nroduced synthaetis p@lym?rg, where hich relisnce
and low hystere¥ec cualities are mecessgary, In 2pronlane and
heavy truck tyres, numerons mechanical #0008z and narts of
ordinary car tvres, where 1t 1s desirable to have an elastomar
capable of hilch enercy reverszibility %, has extensive usave
of natural, The f2ct that natural rubher 1s oharacteriged

v stereo-resularity in 1fts polymer chain ard that none of

the synthetlc polivmerisation nrocasees nould hereto “ore
duplicate, had led to n2atnral runber beinr suneriny over all
synthetiec elastomers in the past. In otherwords, the
subgstitution of anvy synthetic elastomer for natural ruhber ia
the 2hove mentinned fileld war tecihnically not feaginle, Since
the tyre industry still remains (thourh to a muech lesser denree
than before) the most imveetant sincle cource for the depsnd of
rubber, the demand for natural based on technical gqualities
rather than comparative costs has heen axtremely large,

In one latex product fileld, natural rubber enjoys 2
sirnificant technical advantage over svnthetinc, The larcest
and most ravidly expandine uses for elactomers since World
wWar II have been in the field of latexes, used mainly for foanm
products, Until quite recently, it was not teohnilcally feasi-
ble for larse amormbts of synthetlc latex to be utilized into
foam, because the collonld chemistry Gid not vermit svnthetlo
latexes t0 be made with higher rubber solids content. It

meant to say that 1t was extremely difficult to get a rela=
tively nigh percentaze of the tiny rubher particles suspended
in & solution without malking 1t a putty like material. lore-
over, 1t was not only difficulf but costly to undertakae, This

had led tc an almost complete devendénce on natural rubber

¥ Hich energy reversibility means when the e€lastomer 1s de-
formed it does mot dissinate the energy input as reat buv
n4lizes the energy to return to its initiasl nredeforned
shane,
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latex where ordinary foam rubber products wera concerned,

Hoviever, recent technical developments in synthstin
have 2130 1led t0 new areas of possible teghnical subabitution
in the field of latex foam, This advenne 1nvolve§ 2n additi%e
to srmthetle latex %o m2ke it free flowing and eaéy foaming,

ADVANCENENT OF SYNTHETICS.

" Polymer-chemiste after many years of work™ have
£in2311ly disnovered the means of controlline the recularity
of monomer positionine in synthetic polvmer ehains, This
advancenent nmust be viewed with extreme nriority and
imnortance because gsynthetlo polymers can now comvete with
natural in the field of zvplicability. By controlling the
specific vposition of monomer molecules in the polymer chain
stereo~-reculars (the new imnrovement) hold nrohis% of ’
destroying the barrier of techniecal suneriority held by
natural rubber,

This me2ns to s=ay that the stereo-regular »olymers
are mresentine a new challenge to the natural rubber indusiry
and that the typical divigion of zonsl competitlveness may
he eliminated comnletely As svnthetic take the field of
equal comnetitiveness in the elastomer industry with natural.
Cis 1,4, volyisovrenes for example, 1& 1n effect an almoss
direct chemical duvnlication of natural rubber with similar
regilience and low hysteretio vnroperties, Cis 1, &,
Butadiene, another sterec-regular 1s becoming conmercislised.
Other stereo-regulars are bound to follow in guiék succession
and 1t will be foreseeable that these may comnete intensely
with natural in a few vears from now, There is no doubt that
the question now is one of gneed and degree rather than one
of direction.

On the basis of recent develonments in the firld
of velymer chemistry which we have outlined, 1t is obvious
that the oommetition with natural rubber &t the technical
1evel 1s not as iwmune as 1% once was, Polymers that can
be commercially synthesized are now, or shortly will be,
techniszally substitutable for natural rubber in vractically
all of its nresent uses, Futhermore synthetics are sgtz2hliching
cemeninliged *ecihmical markets of thelr own wnich 1is hichly
irmune to natunal rubber competition., The fact that
synthetics are gradually expanding intc markets where natural
rubber eannot compete on a8 technical level is & sizniflcany
develnpment within the 1mdustry jteelf,

PHICK CONSIDERATI(NS

Teghnical substitutability 1s omly ore side of the
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nioture,., Ioonomic oonsiderations together with technical
anbastitutability may be the orilteris for the usaege of elther
natural or synthetic, |

The one immediate assumntion is that stereo-
regulars and natural rubber will be s0ld in a free market
economy, Prieceg which consumers are willing to pay will be

ournly eau2l, vlus ar minus differentlials in trensport and
handling costs, Synthetic prices are relatively stable but
natnral rubber vprices mav not be so. The basis of
comnarison may cive synthetlio an added advantaze in that
constmers may he assured of nrice rigidity so ﬁhat the bnrics
of +heir ultimate manufactured product may be more or less
stabilized, other fantors taken to be constant, loreover as
the combination of both synthetic and natural have inorezsed
the existent supply to the given demand, the effect would be
to keev prices at a lower level than would be the case if the
supply were to bhe obtalned from one source alone.

If market forces will tend tc bring natural and
gymthetic rubber prices together, the chief determinant in
the long run may be based on the comvarative cost structure of
the two industries,

COST CONSIDERATIONS

Long term predictions, it must be admitted, are
extremely dancerous to make espeolally in industries where
tecmmology and the productive process Are ranidly chancing,
Nevertheless it 1s possible to isolate some of the most
smportant economic characteristies of the matural and
aynthetioc industries which apnear certain to chape future
developments,

The single most important difference in factor
inputs characteristic of the synthetic polymer Industry as
a whole, 1s the high capital egulpment input and relatively
Low labour inont per unit of production, The factor
orovortions vary with the different polymers, ovut 1t is
unlikely that even the most labour intensive of the synthetiocs
involves a labour cost input of 6-7 peroent of total costs,
while capital inputs vprobably gccounts for half of the total
faotor costs in integrated plants which manufacture the basic
monomers as well as the polymers. Intergrated plants like
most of the large American plants take baslo raw naterials
gueh as natural sas or orude oil frzctions and carry the
orofnaticn process first througzh the intermédliate monomer
stage (butadiene, 1gobutvlene) hefore manufacturing the

nolymer 1tself,

One mean yensr of lahour in the matural rudbbat
imdnetwy mmaRnazs hotueen ong and TWO tana of mataral ruaboer,



whereas & man-year of labour in the synthetio industry 1is
related to 500-1000 tons of output, (and the outpnt per
man vear in svnthetics 1is conqt“nt?v Frowing).

Raw materials 1s an immortant production cost in
the synthetic polymer industry. The raw materials vary, but
he most imvortant intermediate monomers, such as hnfﬁﬁiﬁne
stvrene, butylens and anetone are all vana“al’v canable of ’
hgipq synthesized from a basiec coad, vetrolem or natural cas
hydrocarbon., Over the nast several yvears, the crowine world
aurnluses of coal and cruée oils bave led to a substantial
lowering of wrices for these vnrodoets, Lone term nost
rrosvects for synthetlie nmolymerle raw materials, are nocw
expected to remain stable or fall rather than increace,

l.s
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Synthetic nroduction regnires an intsnse utvlization
of heavy cavital overheads, but 1t 1s halanced by the substan-
ti3l economies of «cale involved in the oproduction of the
synthetic polymers. The efficient production of synthetic
volymers, 1t ﬁast he re2lis=d, requires latge scale plant
installations and 2 hish utilization of canzeity. Plants
prodneling anywhere from 50 - 300,000 tons ver year are
typical. "It pust he realised, therem ore, tnat these econcmles
of scale and 1limlited di Vi?ibility of nroductive units in
synthetic rubber production givec’ rise to four implications.

1. Inoreases in svnthetic polymer c¢arnacity can he

attained at almost any macitude This ir s0 because we nave
physical gxoess canacity whadh veﬁno to say that the marginal
umits are invariasbly laree, sin they involve whole planta.,

2: Once the historie cost of establishing a olant
has been incurred, fixed cavital costs are so high that =~
strong economic waqsons evyist for conteinulrne such plants
in overation at hich level output, With increzsing outout
therefore, the sunk cost will be spread rore economioally and
that low variable costs per unit will orovide a largzer
contribution to the recovery of the canitzlized costs,

(W¥hile the same economic forces apply tc natural rubber
operations with sunk cost, variable costs in the latter are
14¥ely to be comnsiderably higher than in integrated synthetic

plants)
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3, Synthetic has a critical time 2ad spe Ove
natural rubber in nlacing its rroduct into the mar vet A
rubber estzte takes a minimum of 6-7 yeare to come into Dro-
duction, but a synthetic plant can tecome onrerstive within

twe vears after the fecision is made to build,zn

4, Synthetic -roductirn has the advantarge in that
the plant c&n he straterically located in proximity to m=zjor
courras of raw meteriale ar maior vomsumnilon areas, thus




decreasing transport costs substantially.

Other choaracteristics of the aynthetino volymer
indnstry c2n be llsted but the ones givenahove are the nore
irportant of the dmplic=etions of the wynthetic suveermacy
over matnural, )
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IOWT RUN TWTERLTIRANTS

With the emerpence for the first time of a
gomnrehenalve rance of feahnical vrodnrt snbstitutlon possl-
hilities, instead of the limited rance, heretofore, possible,
the role of the relative costs involved in nroduoing n2tural
ruhher 2nd i1ts aynthetic oommbtervart now heoomes the doninant

variahle in the long term nattern of develorment,
Commarative analycsis of long term costs vrosnects is difficult
to make with any deoree of certainty. Factor cost patterns
of commnetineo ﬂrnduo+° »rnd their canability t0 respond to
merkat forces efficiently will unﬁnuh*cHTV nlav a critical
determinant role in egtahlichine the lons ferm nomvetitive
nosition of natural rubber and synthetiec, Sienificent di-
fferenres in averare coste struotures are immediately app-~
arent, Natural rubber production 1is charzcterised hy hesvy
1ahour innut per urit of outout, Its synthetic counterpart
1 charenterized hy low labour innut and hich canital
eqguirment input ver unit of output, Natural rubber h2s
alrogt no countermnzrt of the syntheties' raw material cost;
< byt marerat have relatively hery adninistraticn costs that
: are lacking in the ovroduection of synthetic, The vroduction
| of nztural rubber can bhe organisesd in a varlety of different
ways and cogt efflclency can he maintained at any of a wide
rance of prodnctive firm sizes, The production of synthetio,
however, involves highly indﬂvieih]p costs in the form of
capital eculionment, and costs effiniency in »nrodvotion denends
upon relatively lqrvc productive unit sizes and hich
utlization of avallahle sanacity.
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