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{XFLALATORY NOTL

Uithin the conteit of this riport, inviromnent - is taken to mean any rhysical
surroun-ings affecting the health and wollare of humans ond othir crganisms that apc
in som. way modifiod ©Yy th. presonce of rwter industry or by tac usc and disposal
of its products. The impect of the rublop incustry upen that cnviromment hes boen
studicd from the standpoint of its .{foct unon the public (cog. o1r pollutivn, water
pcllvtion, land contemination nnd nceisc) ond upon the worker within the inlustry
(coq. “posure to toxic metorials cae neico;.  Such cffeets arc usually osscassed
from ~n cconcimic standpoint, but they con wlso hove imporiant socizl and political

consiguinccs,

sach production unit, whother it is o plant or a plantation, will hove its own
~nvironmcntal srobloms depending upon the proccdurcs used, the matcrials handlecd
and its location. This study can erly idamtify thosc probluns that hove a common
cccurrence and arc gencrally roecognized. 'The megnitude of the problom depends upon
the inhoerent potontial risk, the contrel meesures token and the wulneravility of the

rarticular onvi rommot .

For the purposc of this study, the symthetic rubber (sr) menufacturing industry
has been restricted to the major large—-velunc guneral-purpoac types, namcly st yrenc
ntadicene copolymer (SLP), polyhutadicnc (Br) and polyisoprenc (Ir). 7The specialty
rubbers, such as butyl or neoprence, which in total comprisc roughly 14 per cent of
the total rubber requirements hove not boen coneidered, but theirp cxclusion docs not
appeer to have any offoct upon the conclugions riached.  Also for the mriose of
this study, tac Sk nenufacturing indust ry has been taken to include not cnly the
Polymcrization plants but alse the Plant s roquired te Producc the monomer feoed
st ocks, namcly, butadien., styrcne ong isoprenc, and the study has not gonc furthoer
into the manufacturc of the raw metcoriais that go into the production of thege
monomcrs  The natursl rubber (NR) prodiicing industry is taken to includce the groving
opcrations as well ag the brocessing plants required to recover tlic dry rbber from
the latex.

The following avbreviations arc usad:

Bk = polibutadicne e

IR = rpolyisoprape miller

iR == nataral v e

GBI - styrene hutaliene b er

Sk = gynthetic m Ler
IIS1P - Internationst Institute of 3ynthetic Hubler Producere
I13¢ - International Pubber Study Croup
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The inercasing damoge caused to the wnvirerment in th procese of industriol
development has boen the source of grove concern to peoplc of thouglit ond vision in
many parts of the world, and crics of ~lam hove reeently come from merv quarters. In
1272, the Stockholm Conference on the Human Enviromment 1od to the crecation o o new
Unitod Nations body, the Unitod Netions Invirorment Programm. (UNRP) to trke action on

the recommendations of the conforonce. UL'P fermed o plan of action, zrouping +hc

rcecommendations in seporetc arvas, and decided that UNIDO, in full rartnership with
UlLP, should form an intcegrated programmc in industry covcering trade, cconomics and
treasfer of tochnelogy, thic cuntral thomo bein. to encourasc indugstriel divelopment of
courirics without destruction of thcir eaviroument.  Admittedly, the real problem in
developing countrics today is not onc of pollution but of lmpr.ving their standard of
living Ly industrial devel opment, but looking chead te the future, it is cssential
thal these countrics do net make the mistalics made by the industrially advancced coun-

trics in the process of their development.

Onc of the joint UNIDO/UNEP projects (UNEP 0402-73-005, UNIDO LF/INT/73-005)

entitled “Study on gmtlictic versus natuial products: pilot projcct on the rubber

industry, waes sot up to study the inturacticns of tuchnelogical, cconomic and
; onvirommcental factors in the rubber industyy and the cxtont to which cnvironmental
i considerations shoulu influcnce the cheicc betgeen natural and synthetic rubber pro-
; duction, the technique of product manufacturce and the disposcl or rceycling of wastos.
fe a pilot project it is intendoed to glv: ciidance to similar future studics on cther
natural and synthctic products.

A preparatory mecting was held in Arril 1974, vhen oxperts from the varioug

brenches of the rubbor industry mode rccommendeticns regarding the basic outline fo:

the study, identificd the sources of variovs inpote and data neode. for the stucy and
the contribut.ions that ather agencies end international organizations could rrovide
for the claboration of the study. In accordancc with the rcecommendations, consultants
were cengagoed to make detailed studios on specific aspects of the subject. Those

studies were cxamined in the Ex ort Group licciing convencd in Vienna 15-20 Scptember
P P o P

1974. This report gives o summary of thc discussicns, the conclusions rTeached and
she recomnendations of the accting.
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CCNCLUSIONS AND RECOMVENDATIONS
Conclusions
——aons
1. From an environmental point of View, the advantages of KR production are:

(a) It is less destructive of non-renewable resources;
(b) 1ts high manpower requirement creates employment in developing countries;
(e) Cultivation of large areas with rubber trees has a purifying effect on

(d) It avoids the i1} effects of the defrestation that usually results from
industrialization,
2« The aqueous waste released to the environment appears to have higher concentrations
of contaminants in the case of NR production, asg treatment facilities are not usually

installed, whereas most a1 marmufacturing plants nave two-stage treatment equipment.

Tt is apparert, however, that the I treatment problem is much simpler than that for 3R.

3. Trom a social or political standpoint, the limitation on the growth of NIl production
may well be the availability of suitable land and capital, when compared with other

uses oo that land for food production or that capital for industrialization,

4. From an economic standpoint, M can be produced in efficient plantations ag cheaply

or cheaper than S this relative advantage will increase as petroleun prices increase

of total rubber remuirements slowing somewhat due to the advent of smaller cars, radial

tires, etc., there will 8till be a need for o significant increase in 3R productton in
the future,

6. In choosing the type of 3 for which new facilities will be built in the future,

consideration snould be given to processes that consume the least amount of non-renewable
resources,

industries will become more prevalent and more severe; however, the cost of satilfactnry

pollution control will rnot tsriously increase the ocost of rbber products manufacture,
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€. There is no significant difference between I and SR with regard to pollution in
the products mamfacturing operation.

9. An ideal opportunity for greater conservation of resources lies in making better

use of scrap rubber products, such ag by retreading or reclaiming.

Recommendations
e —

' Working Group 1: Raw rubber production

1. MR clearly represents the greater conservation of non-renewable resources gince
8 ! the raw materiale used are all renewable. Looking at the world requirement of rubber
] for the future it ig obvious that the area under NR cultivation should be substantially
increased and higher yields obtained irom existing areas., Transfer of knowledge on the
technique of getting increased yields is of prime importance,

t. 2.  Appropriate international agencies should explore the possibilities for increased
i cultivation, taking into account the effects such cultivation will have on food produc-
n! tion,

3« Organizations like the FAO and the World Bank, while intensifying their activities
on getting higher yields from existing areas of cultivation, should also give serious
consideration to problems of supply, price and marketing,

e RN

4. Research ig going on regarding utilization of by-producte like rubber wood, rubber
seed ard merum, but greater emphasis should be given to this from the point of view of
the environment,

PTorki;g Group 2: Rubber products mammfscture

Product mamifacture

l. It is recommended that the health of workers and the working envircnment be moni-
tored to ensure that healthy conditions are maintained,

2.  New chemicals to be used in the rubber products mmfacturing industry should be
more vigorously tested for health hazards,

3. It is recommended that UNIDO inform all Governments of the necessity of adopting
appropriate standards such as the US Fooq and Drug Administration Regulations and
the Weat German Regulations relating to the use of rubber products in oontact with
food processing, food producta and pharmaceutical packaging. Efforts should be mede
within the yg organizations to co-ordinate and transmit worid informetion on this aspect
of the potential hesith hazards of these uses of rubber producte,




4. New factories should be sited away from residential areas to reduce the impact of

vork and normal indusirial air pollution, Good plant design in the pollution mitigating

ecquipment as well as good in-plant housekeeping practices should be encouraged,

Disposal of discarded products

l. Discarded products, particularly tires, are a cause of environmental problems, and
the method of disposal by reclaim, pyrolysis or incineration should be decided after

the economic aspects have been loo'ed into.

2. There is a lack of statistics and information on present world-wide production and

futur: requirements of reclaimed rubber, UNIDO should collect these dats and make

projections,

3. The current method of making raclaim causes environmental pollutior. 3ince future
demand for rubber is likely to increase, UI'IN0 should encourage research and investment
into the improvement of the qual ity and efficiency of rubber reclaim manufacture in an
endeavour to reduce waste disposal problems. Owing to imoreased petroleum prices and

other factors, a greater future value of reclain rubber can be expected.

4. UNIDO should encourage studies on the costs and most efficient methods of collecting |
transporting and storing discarded rubber products. SGpecifically, the concept of
national storage of scrap rubber should be considered as a means of developing store-

houses of future raw materials for recycling. Various incentives such as government
regulations and subsidies should be studied.

Vorking Croup 3: Pollution control policy

1.  As part of an over-all international programme, it is recommended that action be
taken to promote precautionary labelling for transport and use of chemical products
employed in the rubber industry and for the possible need for international agreement

on prohibition of certain chemicals that have been found to present health or other
environmental risks,

2. It is recommended that some form of enabling environmental legislation be enacted
in all countries. JRach countryv will then te free to select detailed enactments to chooge

an appropriate level of enforoement, taking into account existing legislation and codes,

Such legislation should cover the rubber industry, which is noi considered a major
offender.

W YT O M
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3. Information should be obtained on the relationship between pollution level and

damage sustained by risk-of-damage assessment relative to the economic viability, in

| order to form a bae. for establishing international environmental criteria applicable
to the rubber industry. Once such relationships are established and agreed, individual
countries are free to select standards appropriate to their situation. (An example of
’ such an approach has been given by the International Standards Organization in
"Assessment of occupational noiue exposure for hearing conservation purposes",

R1999,1971.)

4. A central information source on environment should be establisiied which would
provide information to all countries. The service would gather information from expert
organizations in the various fields of industry. Any international referral sysuem

should contain a section on rubber.

Se The reports cubmitted by the consultants represent only a gener4l survey of the
environmental problem, A detailed in-depth study ~7 4ke environmental icpart of the

rubber industry 1in one or twn limited gengraphical areas should be undertaken by experts.

6. Although a comparison of environmental hazards in natural and synthetic rubber
productinon has been made, it should be amplified by a single, specially selected multi-
professiona! team working closely with the two industries to carry out detailed case
studies in the two industries.

T. Clobal etfects should be studied by the same team when the results of work done
Ly other agencies are kmown.

8. It is desiradle that cost/benefi‘t studies be made, concentrating on raw rubber
production., A epecific example, such as the location of a svnthetic rubber plant in
a developing country, should be selected for analysis,

9. In the easly stages of planning a new plant, an environmental survey should be

made to assess the possible impact of the plant on the environment.
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Y. CROANIZATION NF THE MEETING

The meeting, "hich npenet on the morning of 16 Sepiember, wag ottended by nine
participants and obmervers, includians six experts fro- Ervpt, France, India, Malaysie,
Sri Lanka and the United Kingdom of Oreat Tritniz aadl Jorthern Ireland in the fields
of research and development of aatural rubber production, syathetic rubber production,
and product manufacturc ror both tyves o rubher, 4 represcatative from PAO aad ove
from JNCTAD also attended the mecting, Besides cembere of toe WJIDO secretariat, 3
tean of four ceons:luants, specialiste in Aifferent fiells of the rabber industry,

attended the reeting to preseni popers and tale part i1 the di-cussions,

Vr. M.F. El-Fely of Toevpt vas elected Chairman, Uir. 0.5, Peiriz of Sri Lanka

Vice~Chairman, and Mr. A.V. Abraiae, UN1DO censultant, Rapporteur.

The meeting opened vith a ctatement from the Officer in Charge of the Industrial
Tachnology Divisicn ol UNIDO, welcoming the participaats and tracing the history of
the meerting from the Stockhclm Conference, to the tire wvhen this project on the rubber
industry started a3 the first JVITO/UNEP icint venture in the field of environment.
The speaker explaired the srcpe of the study as the techaical and industrial aspects
of the ecolngical-economic evaluation of syathetic versus anatural rubber and cited
nther fieldz in which similar studics are being carried out, He also mentioned a very
successful meeting held in Helsinki recently cn poliution to the environment from
fertilizer and captive acid plantu, Mr. Verghese alsc fave a short account of the
activities of UITIDO from itr inception in 1967, its intereat in the field cf rubher
and the =eetings held in Tienna in March 1972 on the future trends in and competition
between natural und synthetic rubber and in Snagov, Romania, in June 1973 on the develop~
ment of the synthetic rubber industry. 1In conclusion, he said he was pleased that
representatives from nther United Nations orsanizations were present; their co-

operation was a source of encouragement to UNIDO in this venture.

The Ch..f of the fGeneral Industrial Tecnniques Section o UNIDO then addressed the
meeting. He spoke of the work his section vas carrying ocut in close liaison with UNEP,
He traced the history of such activities to ‘the Stockholm meeting, which had initiated
a planned programme for UNFP in the [ield nf environment protection. The main concept
in the UNIDO/ﬁMEP joint programme wage that under no circumstances sgheuld industrial
development be stopped for the Bake of euvironment, but that envircnmental coneequences
would be assessed as an important factor at the design stage of decision making. He
emphasized the advantages of having 2 mixture of industries in a complex so that traste
products from cne industry could be used as raw material for, or to meutraliuc the waste §
of another industry, thereby reducing the consts of pollution control., He alsc told the .

meeting of the impact studies, being done by his section particularly on iron and steel,

cement, chemiocals and textile industries,
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The Speaker pointerd out that the purpese of the meeting was to assess the relative
¥ nerits of producing and using natural and synthetic rubbers in terms of envirorment.l
impact. He suggested that rccommendations on an action plen should be made after con-
sideration of four major creas of concern: +conomics, technology, ecology anu trade.

4 Economics
e . /- . .. . .
\a) The economic costs/benefits of ecach type of production, including the coote
2 and benefits derived from social ond envirommcntal externalilies;

(b) The pattern of supply, particularly the degree of concentration ol production
within a geographical arca in terms of over-relience on a commodity from &
single area by the user, and the¢ risk of disruption of industries which such

3 concentration cerries. What mcasures con be taken to introdice stability of
‘ supply?

(¢) The patterm of demand, including future projections for each type of rubber.

Technology
(a) Agreicultur® - What are the implications for producew couatries, especially

developing countries, of intensifying NR producticn, bearing in mind the
labour-intensive character of growing rubber? Uhat alternatives are avail-
able for using land with a good potcntial for growing rubber?

(b) Synmthesis - What are the implications of expunding SR production, bearing in
mind the capital-intensive nature of the processing of SE and the relatively
nigh costs of the raw materials.

Ecoiogy

—aale

Yhat are the effects of NR and Sk production centres on the eco-systems in which
they are situated?

Trade

[V )

(2) What could be the likely effcctc on trade if eitner NR or SR producticn became
completely dominant?

(b) What would be the ikely effccts on the NR producing coumtries if either NR
or SR production became dominant?

(o) Ies a quota system desirable? Uhnt measures would be required to onsure a
reasonable degrce of competitiion in world rubber markets if such a system

were evolved?
Mr. A. Dumitrescu of UNIDO, who was Officer in Charge of the Meeting, spoke of the
progress male in collecting the r:ievant dota and information in co-operation with a

group of consultants, whose papers would be presentcd at the mecting. He thanked the

participants from Egypt, India, Malaysia and Sri Lanka for having provided UNIDO with
subs*antial contrilbmtions consisting of data and information on thc impact of the rubber
industries on the enviromment in thcir coumtries. Mr. Dumitrescu suggested to the
perticipents that they form theaselves intc working groups by areas of specialization
after the pressntation of the consultante' and country papers.
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lire Dumitrescu invited tlic participarts tc view o 12-mimutce sound film in colour on

the production of thic weendard Maloysian Duboer, which had been provided through the

courtesy of the lalaysicn Ruvber Funil Loord.

The representative from FAO made o brief stetument pointing out the interest of IO
in IR and its compctitive position. She sow the futwie of NR ns very bright: o rocont
study on the impect of the cnergy cricis indicited that ite competitive position had
received o specinl boost. The specker indicated the future trends in (vices of 8It, using
latc 1572, when crudc oil wes selling ot 1.3 per borrcl CIF Rotterdom, os o bese and
agsuming that the 198C crude oil price vould be somaowhat higher thon th. current pricc.
SER wos then likely to risce 160-16U por cent, BRI 200 per cent, and IR €U0-30CG per cente.
She uscd IRSG projections for 198C . since the FAO projection, which they were doing in
conjunction with the Uorld Dank, would not b ready until the ond of 1u74 or mid-1975.

In any cose, the results of the cost comporison showcd the future for WR was very bright
and producing countrics vrould do well to give priority to mcasurce which would bring
substantial incrcosc in production by 1985. FAO would be in o position to meke any sort
of rcosonable cstimote only when they had the opportunity to sce such plans on a coumtry-

by-ccuntry basis.

Thc UNCTAD representative drew the ettoention of the meeting to the UIICTAD/‘UNEI’
projcct on pollution control costs and coffects on the competitivencss of natural anc
synthetic products, of “hich IR and SR were onc paire He suid he would provide UNIDO »
with this cost date when ovailable, proba. ly by mid-1975. He mentionec that the UNCTAD/
UNEP project started from & basis of government regulations as distinct from the UNIDO
busis of an industrinl metrix where pollutonts from one industry arc uvsed as raw materials
by other industries. The project wovld mcosurc pollution control costs in crude petro-
leum refining, organic chemicals end synthctics manufacturing. Thesc costs would be
pasecd on as price increoses with effccts on competitivencss of the natural and syn-

thetic products, which would form the sccond n-rt of the study.

Hc also spoke of UNCTAD work in markct access anc pricing policy end mentioncd a
possible study of commodity policics for rubbor which might be undertaken in 1575.
Calling attcention to the gcope of the UIID)O/UNEP project, he stated that the meeting

ought to decide on the crucial problemgs and policy recommendations to the rubber industry

and to Governments.

After preesentotion and discuesion ol the papers in plenary scssions, the Meeting

was divided into three werking groups on: (1) raw rubber manufacture; {2) product

manufacture and recycling of used products; (3) pollution control policy, as follows:
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(1) Raw rubber manufacture: B. Agostini-Bennet, Group Leader
J.He Dvnn
LT+ Marshall
C.K.il. Hair
0.5. Peries
P.0., Thomas

(2) FEroduct manufacture and . Fathy [1-Feky, Group Leader

_recxclin‘g_.gf_‘@.z‘q J. Carmichocl
Droducts: P. Xvazneny
4. Ricker
I. Whittaler
(3) Pollution control Chin Peng Sung, Groun Leader
policys e Betto

D.F. Elliott
R.J. Sheriroed
The groups met separatcly, considered the consultants! papers and came with their
enclusions and recommendations to the plenary session for general discussion. This
rag followed by firther group discussions, and the final rccommendations werc presenteq,
liscussed, amended and apprcved at the final plenary scssion. Chapters II, I1I, IV and
of this rcport arc bascd on the idecs presented in the papers, as modified by the

flecting after discussing themr.
II. RAY TUDDER PRODUCTION
A.  Baclgrouni

1. World rubber recquirements

Prior to thc Sccond World War, natural rubber (H#R) was the sole source of rew

material for a heelthily growing rubber goods monufacturing industry. The supply disrup-

ltions <f the war resulted in the crention of en ¥instant' synthetic rubber (SR) industry.

After thce war, NR quickly regaincd its pre—isar production lcvel and then proveeded to

grov a2t an enmuel ratc of 3-4 per cent. This rate was not sufficicut for the huge

fappetitc of the rubber geods industry, and SI production ~rew rapidly to fill the gap.

By 1373, SR was supplying 67 per cent of %l world requirement fcr raw rubber, which
totalled 10.4 million tons incluling estimates for Eastern Europc and China. NR conswap-

tion smoumted to }.4 million tons, triple the pre-war consumption of NEH.
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The Intermational Rubber Study Group (IRSG) predicts thot the annual growth rot..
of total rubber consumption betwesn now ond 1060 will slow to &.7 per cent comparcd with
the 6.5 per cent ratc thet has provailed ior the nagt ten yoars. This cpectad do.rcas.
is primerily due to the splicipatod ffeet of high il prices upon automet iv. design
and driving habits. 1In any cnss, tie totnl world requirements in 1900 should be in the
15 to 17 million ton range, with NI supnlying onc third, or ) to " million tons. Pro--
jecting the slower grouwth rate to 1790 would give o toltel uorld recuiremone of O3 *o
25 million tons. Ii corliticns ar. fevovrs sl TR could then L. supplying s much as
4U per cent of thie, »r 7 to 1 million tous. The diffcronce of 14 1o 1% million tons
to be filled by SR still represents an appreciable increasc over the current level of

avout 7 million tons.
e egource utilization i

An analysis of the material and cnergy requirdnents of the various row rub.crs
discloses that MR is basically derived from o roencwavle resource, namcly, treo latex,
while the symthotics . clmost tolally dependent upon & non-roéncwabl. resource, namcly,
fossil hydrocerbons. Reliince of NR on non-renewable rosourcess is relat ively little,
consigting primarily of fnssil hyydrocarbons usaed for the production of' fcrtilizer and
for the encrgy required in the processing factarics, plus sm2ll anounts of non~rencwic.ble

chomicals used for growth stimulet ion, lator proeservation and coagulation.

The mejor raw materials for the synthotic mibters, on the other hand, arc derived
almogt totally from non-rencwcblce potrolewn.  hils some of the srop required in
styronc-butadiene rubber (85k) production might Le considercd largely reneweble, many
of thc other organic and inorganic chemicels reoquired {or initiating, controlling and
stopping the polymcrization reaction, coaguloting tne latesz, inhibiting the product
against oxidation, ctc., arc basically madc {rom non-renewszble resources. A Tesource
balance shows that about 3.5 tons of cruc: oil or its equivalent is required for the
production of each ton of thc cheapest oil, namcly oil-extended SBR (1712 type). Of
this amount of crude oil equivalent, about .2 per cent is required as raw meterial and
58 por cont for producing the energy for driving motors, heating stills and dricrs,
etc. A large portion of the lattesr requirement for encrgy production could be satisc~
fiod by using coal or stomic encrgy for the generation of steam and power, rather
than oil,
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The other major synthotics, non-oil-extended SER, BR (polybuiadicnc) and IR

(polyisoprcnc) require somcvhat more non-reneweble resources than oil-extended SBR,

g but therce is no onc SH which has a really major advantagc in its conscrvation of

| rcsources, despitc the availability of some altcrnative technologicvs. An exception to

d ihis would involve the fermentation of agricultural products such as grain or molasses

] to produce the raw materials for making butadienc or isoprenc. In gcneral, agricultural

| oroducts having an alternative usc as food cannot be converted to chemical raw matcrials

on & economical basis when comparcd with the petrochemical route. 1IN tcnds to usc

§ norc resources than other synthetic rubbers becausc of the basic complexity of its raw
g natcrial, isoprenc. This toendency, when considered along with the fact that IR

' posccesses no single toechnicel advantage over liil, leads to the conclusion that, from an

cnvironmental standpoint, I is the least desirable of thc major synthctics.

As oppoged to SR, NR rcquires only around U.3 ton of crude oil cquivalent,

§ although morc may be required as fertilizer cpplication and other agronomic practiccs

g arc optimized and become more widespread.

Two othcr important differcnces .ctween NR and thc synthetics are in land utili--

] zation and labour requiraments. thcrcas 100,000 tons of SH can be casily produced

§ annuully on 40 hectarcs of unproductive land with an cmpleyment of about 300, the same

amount of NR would rcquire at lecast 40,000 hectarce of high-yieclding trees worked by

about 100,C00. 1In thosc countries where suitable land and labour are available, social

§ and political conditions would add wcight to purely techno-cconomic considerations in

4 judging the dosirability of increasing the production and usc of NE.

Another route to optimi-ing the utilizition of 1resovrces in the rubber industry
lics in meking the best wec of any by-procucts. No significant by-produts from the

menufacture of SR are wasted, with the possible cxception of sulpbhur in {he flue gascs.

J The principal by-procucts of NR production arc latex scrum, trec sceds and tree wood.

The serum apnears to be useful as a growth medium for micro-organisms and as a

fertilizer. Further uses may be found for its individual constitucnts. The seeds

g rroduce an unsaturated oil suitable for paint manufacture and a meal suitable for

animal fcod. Wood from ovcr-age trees is proving to have cxcellent propcrties for

the manufacture of furniturc and paper.
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3. Costs of production

Economic costs

An accurate comparison of the costs os producing NR and SR is difficult becauseo
of the proprietary naturc of such cost information. What i3 more, rccont prices hevo
not boon representative of the priccs that would be required to atiract new invsestment
for expansion, owing to the current tummoil in the chemical and petrolcun. industries.
From the information available, nowever, it docs appear that, insofar as costs are
concerned, NR and SR werc highly competitive in the period immodiatcly preceeding the
energy crisis. The increase in o0il prices that took place in 1973 has cloarly given a
boost to NR by increasing considerably thc costs of producing SR while having only a
mall offect upon NR. A further factor favouring NR is that the prospects for obtaining
increased cconomics in the production of SR arc small, whercas those for NR are extremoly
largo through the use of higher-yiclding varicties of trces, better agronuxic practices,
and chemical yield stimulation. The principal barrier to achicving significant decoroases
in IR coste and major increascs in NR supply world zppear to be the difficulties
oncountered in transforring the results of thesc agricultural practices to large arcas

currently under cultivation, and particularly to the smallholders.

External costs and bonefits

e

For a complete comparison, considerations should also be givon tc external costs
and benefits, which are not nomally included ir a purely financial appraisal. Theso
can be physical, such as the loss of visual cnjoyment by the ncighbours of new indus--
trial plant; pecuniary, such as the increasc in value of a local busincss that will
enjoy inoreased trade; or social, such as the beneficial effects of increased employ-
ment in the plant aroca. A comprehensive cost/benefi‘t aralysis of thc envirommental
oxternalities resulting from the cxpansion of either NR or SR production would be
desirable, but it would iniolve an expensive study.

4. Choice of rubber
The foregoing indicates that:

(a) NR can be producod as cheaply as 3L and may have a significant cost advantege
in the future due to rising petroleum pricos and greaily improved agronomic practices;

(b) NR is considerably less destructive of non-renowavle resources than any 9R;

(¢) NR oan, from e toohnical standpoint, supply at least 40 per oent of world
Tubber needs.
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It uould appear desirable, therefore, to cncouragce the me<inum usce of NR.  Given

¥ sufficieni priority and essistancc, a doubling of MR production betwsen 1580 and 199

appears possible. Vhether this would roquirc cxisting agricultural land and whether
trne required cheap labour would be available arc questions to be consicered. 'The
remaining world nceds would nced to be filled by additional 5! production and by the
reeyeling of rubber products.
B. Impact on the cnvironment
A direct comparison of the cnvironmental impact of SR and NR at the production

stage is difficult. NR production is a typical agricultural opcration, while SR

manufacture is a typical highly industrialized operation. HR procuction takcs placc
in widely dispcrsed arcas in 4. vcloping countrics of the tropics, whercas SR manufac-
tirc is a highly concentrcted operation carricd out primarily in developed countrics,
where a much higher priority must be given to acve.sc onvirommental cf{ects and to
long-temm health effccts. In any casc, cach individual installation has its own
protloms due to particular circumstances, and these problums often defy generalization.
1. Air pollution

In the casc of both IR and Sk, thc largust source of potential air pollutants
derives from the materials uscd to supply the cnergy nceded to opcratc the processcs
involved. The requircments of SR for stcam, power and fucl gas are morc than ten
timos greater than for ili. Such energy nowls arce usually derives from pctroleum,
whirh is burned under carcfully controllcu conditions to prouuce & mirimum of carbon
¢ monoxide, nitrogen oxides, fly ash ctc. The gquantitics of these materials discharged
from an officient heating plant are not cnvirommentally significant. Thec wmain
potential pollutant is sulphur dioxide, the quantity of which is directly rclated to
the sulphur content of the fucel used. In mary indust rialized arcas, thc use of lou
sulphur fuels is manaatory. In any case, stack hcights arc usually high enough te

climinate any local probleme It should be noted that the cnorgy requirements for both

B 10 and Sh can be supplied from sources other than pctroleum: coal, hydroelectricity,

atomic energy ctc. If high-sulphur feodstocks, whethoer coal or oil, arc uscd in the
future, salphur romoval and rccovery cquipment may be required. The salc of the

sulphur rocovered may largely pay thc cost of the romoval opcration.

The SR plamts have an added air-pollution potontial in the formm of thc hydro-
carvons lost by loakago or by cmorgency rclcasc. Low-molccular-wcight hydrocarbons

guch as butadienc arc gasce at atmosphcric tamporature and pressurc, so they are
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gencrally handled as liquids under prassure. Care is taken to avoid leakage around
pump shafts, valve stems etc. for economy and safety, as well as pollution avoidance.

In well-run plants, loswes are reduced to very low levels.

Both NR and SR plants can ha e odour ;.oblems; SR, from some of the liquid poly-
mers formed inadvertently in pipelines, tarks etc. cor from the regeneration of _
catalysts in the raw material plants; NR, from the possible putrefaction of the organic 3
materials in the serum remaining after coagulation. Both of these problems can be :

handled satisfactorily by the use of good operating practices.

2. Water pollution

The principal physical environmental impact in the production of both NR and SR
occurs in the area of water pollution. Both NR and SR require the use of considerable

quantities of water (an important industrial resource), and hoth produce a large

quantity of contaminated water for disposal. BExcept in the smallest—scale of production
some method of water $reatment to improve the effluent quality will be required. The

extent to which this iz necessary depends at the procegs and upon the scale of prcductior

the processes used, and the quantity »f water produced, At the receiving end, it

depends upon the nature and quantity of the receiving water on the uses to which the
receiving water is put, and on other ecological considerations, such as the value the
community places upon amenity or conservation aspects. Acceptable limits for the dis-
charge of waste products to surface water can only be developed in relationship to the

local conditions, taking into account the factors mentioned aboves

For NR, the principal source of potential water contamination is the discharge

of the serum remaining after coagulation and removal of the rubber content of the tree

latex, along with the water used for subsequent washing and cleaning of the coagulated

crumb, The original tree latex is an aqueous dispersion containing roughly 30 per cent

of NR hydrocarbon plus significant amounts of "non-rubber" materials, such as proteins,
lipids, quebracitol, inorganic salts etc, Some of these non-rubber materials end up

in the NR itself as part of the recovery process, but most are contained in the
effluent serum¢ The NR effluent also contains most of the chemicals used as

preservatives (e.g., ammonia) and coagulants (e.g., formic acid). Research is
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rocceding on sume promising liads to meke use of the non-rubb.r constitucnts as
W . 1turc media, fertilizers, ote. In the ncantime, the Rubber Kescarch Tnstitute of

faloysiz has shown that on anacrobic-staiiliuation treatment system will offect ively

8 duce the high oxygen deaand of the NR efflucnts to acceptable levels at a very

rnoninal cost, about 3 per cent of the investment in & rubbur processing factory.

In the casc of SR, potential watcr contaminants derive principally from tho
arge number of orgenic and inorganic chcemicals used 1n the manufacturing process
;s catalyste, diluents, ru-tion medificrs, oxidation irhibitors, cxtraction and
#-sorption agents, congulamts, ncutrclizors, omulsificrs,; and so forth. A lorgc
gportion of somc of thusc chemicals, such es the scap emulsificrs ond the oxidaticn
inhibitors in the SBR latuyx, cnd up in the SR product itsclf. A fow of the cntalysts,
Bsuch as that used for othyl benzen: dchydrogenation, arc solid, and eic disposed of
05 land f£ill or recyclud to the catalyst mopufocturcy, but the bulk of the chemicals

ond up in the watcr offluent, along with eny spills of oil, lchex cte.

» successful wobler treetment it is nocessery to scgregate the various offlucnt
strecams (i.¢ rain run-cff, process water, cooling watcr), treat cach in an optimal
f?.shion before releosing it to a common discharge, and monitor cach opcration carc-
fully. The cxtent of the troatment will dopend not only upon the scalc and naturce
‘v ¢f th. manufacturing process, but also upon thu noturc of the waters tc which the
of‘fluunt is rcluascd. Expericnce has shown thet the Sk cfflucnts san be ircatcd
§sctisfectorily at o nominal cost. 1n the United States of Amcrica, the Bnvironmental

rotcction Agency (ZPA) made o survey in 1673 of almost all SR plants. The resultis
§choud thot set isfactory watcr treatment using the *best eavailable tcchnology™ (which
cets standards strict.r than thos. in forcoe today) would increasc SR priccs up
fto 1.5 pcr cent, depending upon tho product and the uquipment alrcady in place. A
alculetion shows that cven if the total pellution contrcl cest ia o.. SH plant
ounts to 10 per ccnt of the total investment (2 very gencrous cstimatc), it would
- d anly about G.5 ccnt por pound to the sclling price. The EPA study points out
hct cxisting SE plants in the Unitcd Status already contain all or moit of the
nollution oontrol equipment eryested to be requirei. It therefore concludes
hat new pollution control mcasurcs will not have an adversc cffect on thc growth
for the SR industry.
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The EPA study of the SR industry in the United States and A somewhat similar
study of NR production in Halaysia lead tc the conclusion that the pessible
potential discharge of raw aquecus waste from NR production is suaewhat greater
than that for compara®le SR operations, when measured by the conventional water
criteria of chemical cnd biological oxy;en demands (COD and BCD), although the
potential dizcharge of suspended solids ig less foo NR. The amounmt of such waste
currently released to the envircnment, as measured by all three criteria, are
higher for NR production, since NR treatiment Zacilities are not usually installed,
whereas most SR plants already have fairly claborate treatment equipment. It is
obvious, however, that such comparisons do not give a complete picture of the
environmental problem. The latter can only be evalvated by studying each installa-
tion and its impact on its own enviromnment. It is also apparent that the NR treat-
ment problen is much simpler than that for SR, as witnessed by the fact that, in
the future, activated certon filters will be required in the United States as a
finol clean-up step or the discharges of the 3R plants to inland waters and perhaps

to community treatment nlants.

3. Land contemnination and noise

The greatest source of possible land contamination from NR cultivation arises
from fungicides, herbicides and insecticides cprayed on the trees. Core must be
taken that soil drainege ond wind effects <o not cause damnge to neighbouring
land and crops. legulor splaying may also build up concentration in the NR planta-
tion soil, which might preclude the subsequent use of suc! land for growing feed.--
stuffs.

N} and particularly SID producers will need to resort co dumping of solid
wastes. Solids and gludges from vaste-vater treatment vlants are amenable to
disposal by incincration in snecially designed systems for smoke-free combustion.
Solids thal are non-toxic can be disyosed oi as land-fill, preferably within the

plant boundary.

Noise cen be a problem, particularly ir the SR raw material plants, where
compressors, pumps, furnece burners etc. are involved. Standards are available

for evaluating these noise effects, and methods for reducing the problem are

known.
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A possitlc sourcc of hazard of particular concern in the developing countrics
1s the rcuse of chemical transport containers. Preccutions must be taken to
prevent indiscriminate rousc of these contziners beforc thcy have been thoroughly

cleonud.

The workiqg cnviroament

R L A S ~ S R TN

The cnvirenment for NI workers would appeer to be rclatively safcs Potentiel
cang.rs consist mainly of poseible cxposurc to the toxic hezards of fungicidus,
hurbicides, ctc. snrayed on the NR trucs end to some of tho chamicals, such as
rimonia snd various acids, uscd in thc topping and coagulating operations. It is
nct inown whether cpidemiological or cnvironmmental surveys have beon undertaken to
cuentify the possible cnvircnmental risks. ihey appear to be nacded. HMecasurcments
of the working cnviromment should be mode to assuss vxposurc, wnd routince monitoring

vrogramncs should be institutod where found to be n.cessLry.

The chicf hazerd cncountcred by SR workers probably occurs at the time of an
accidenta) upsct in the orcrotions. Since most of the metorinls handled arc
flemmzole, fire and cxplosion hazards ruquire carcful asscssmont and coentrol. There
mey also be, perticularly at times of upsct, unuue cxpeosurce to the chumicals used
g 12 thc opcrations, with conscquent dameging cffects. Noisc-induced hearing loss
is a potential health hazord particulerly in the SK raw matorizl plante; noisc

cxposurce n2cd to Le measvrcd and, if ncccsscry, noisc controls introduced.

I111. RUBBER PRODUCTs LANUFACTUKE

A. Pookground

..........

Dcepite the grecat diffcrences between the tcchnologics for producing NR and
for preducing the major SI's, once the polymers arc aveilablc as finished products,
the subsoquent tochnologics for converting them to {inished rubber products are

gcosentially identical. The row rubber, LR or Sk, or a blend of the two, is mixcd
with ~ulphur (the vulcenizing agent) and with various accclceratcers, activators,
cnc inhibitors. Othcr likely ingredients ore fillers (particularly carbon black)

and processing aids, such as 0il, wex and reclaim.

Tho final compound is shaped into the desired finished form (frequently aftor
being applied to fabrics, wire, ctc.) and thon hoatod tc wulcanize it to a
permancntly olagtic finished product.
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The transport uses of rubber dominate the industry as shown by the following

breakdown of current world rutber consumption:

(Percentage by waight)

Tires and inner tubes 60
Industrial rubber products 23
Foot-wear >
Latex products 6
Other consumer products 6

Tires and tire products account for €5 per cent of the total rubber consumed in
the United States, while the percentage is considerably less than 60 per cent in the
developing countries, where the rmumber of passenger cars per capita is considerably

smaller.

In any consideration of the future of the rubber industry, it is important to
realize that in developing countries with low per capita incomes the congumption of
rubber increases three or four times faster than the GNP, because of the urgent need
to develop motorized transport. Thus a small increase in the GNP of the developing
countries can result in a significant increase in their rubber needs. The increase
in the consumption of rubber in the developed countries tends to grow at about che
same rate as the GNP, since the transport needs of these countries have been more fully
satisfied. There is a great disparity in the rubber needs of the various nations:
in 1971, the United States consumed 13.2 kg per capita while India consumed only 0.2 kg
per capita. Industries mamifacturing rubber produots therefore tend to be concentrated
in the developed countries, although they may vary widely in size, in the type of
produots they mske, and in the sophistication and modernity of the equipment employed.

B. Impact on the Environment
In rubber product mamfacture, environmental probleme seldom arise from the rubber
iteelf, but rather from the additives used and processing practices followed. The
induetry has its share of ocoupational health hazarde due to the divereity and often
uncertain toxicity of the products handled compounded by the large amount of human
contact in the processes. The chemical environment of the product plants has been the

subject of the most active inmvestigation, as the toxicity of a mmnber of the additives
used in the processes has led to ill effects.




ID/¥G.188/3
Page 21

Some exposure of workers to potentially hazardous chemicals occurs in all process
plants. Vhile prooess improvement and engineering control may minimize this, it canmot
sliminate it. Accordingly, occupational exposures should be subject to environmental
monitoring and workers should be subject to regular biochemical and medical examina-

tion.

Intensive screening of chemical additives is now undertaken in a mumber of countries.

In some countries, approval must be given before new materials are introduced.

Occupational dermatitis is probably the most widespread occupational disease in
the rubber processing industries. Combatting it calls for the introduction of improved
controls, based on reduction of skin oontact, and improved personal hygiene supported
by adequate wasking facilities that are well maintained,

Rubber product mamfacture does not generally result in umisusl or unmanageable
problems of air, water or noise pollution, provided good operating practices are followed.
Environmental problems in the processing plants are usually of a specific nature,
related to a particular process, product or location. They are often solved ty the
resident plant engineer without outside help.

The handling of carbon black has a high potential for creating a muisance in the
neighbourhood. This is recognised in modern plants, amd air pollution is muccescfully
controlled, Problems in the process industry have been enormously improved by the
availability of carbon black incorporated in master batches., Careful control of
particle size in mamifacture reduces contamination, and bulk handling of the powder
enables stricter confinement to be attained.

As shown earlier, latex products acccunt for about & per cent of all rubber
consumption. The latex used has been concentrated from that originally produoed by

the trees or by the SBR emulsion process; however, appropriate measures must be taken,

as in the oase of NR and SBR coasgulation operations, to treat the resulting serunm
80 that waste water pollution does not ooour,

The use of rubber products oreates some environmental problems, The most widely
recognized is skin sensitization and dermatitis (arising from the additives employed
rather than the rubber). Less widely recognized is the need to control the formulation
of rubber used in food or drink packaging to prevent the leaking of toxic substances
into edible produots. 4ll oountries should adopt striot national controls, such as
hose active in the United 3tates and in the Faderal Republic of Germany, relating to
hhe use of rubber produots in oontact with food prooessing, food produotis, pharma-

peutical packaging, etc.
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Iv., DISPOSAL OF DISCARDED PRODUCTS

The ultimate disposition of rubber products may present some environmental

problems, particulerly aesthatic ones, but it may also present some opportunities for
the conservation of resources.

Only a small fraction of the total rubber product volume is lost by abrasion, as
in the case of the tire tread. Even 8o, recent studies made on the effects of tire
wear on the environment have produced no evidence of potential hazard, though uore
definitive studies appear to be required. It is interesting %o note, from an environ-
mental standpoint, that for each kilogram of rubber worn off a tire the vehicle consumes
roughly 500 kilograms of petroleum fuel, the waste from which probably pollutes the

environment tc a far greater extent than the rubber particles,

Most rubber producte end up in waste disposal systems. There are three major
ways that discarded rubber products can be handled:

Reusing them

Reclaiming material and energy from them
Tumping them,

Reuse of a discarded rubber product in a manner closely following its original
use represents the best way to conserve resources, and it should be encouraged. The

best example of this is in the retreading of worn tire carcasses to permit their

reuse as tires, "Yider use of this technique may automatically occur as new tires

become more expenmive., A major problem with retreading is the achievement of high-

quality workmanship in the thousands of small local retreading establishments so that

highway safety and reliability are not impaired. The establichment of official
quality standards may become necessary.

The use of discarded tires to establish artificial reefs that will improve
recreational and commercial fishing is a proven example of useful reuse. Other
examples are boat and Jetty fenders, sandal soles and floor mats,

The reclamation of vulcanizable rubber from diecarded rubber products
established industry,

is a well-
Unfortunately, reclaimed rubber derived from either NR or SR
products is not an acceptable substitute for either NR or SR,

& valuable but limited market as a compounding
mamufacture of oertain rubber products,

Instead, it has found
ingredient to aid processability in the
The procedure for reclaiming rubber (oollecting,
sirong chemioals or high

grinding, removing fibres and metals, digesting with hot
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pressure steam, masticating and packaging) is expensive and high in energy-consumption.
Thus while reclaimed rubber has found a small place for itself in the rubber mamfac-
turing picture, it is not likely to become a mejor factor in reducing the ccnsumption
of non-renewable resources by the rubber industry unless new technology iu discovered.

More research in this ares would appear to be very desirable,

Pyrolysis, the breaking down ot organic material by heating in the absence of
oxygen, is another possible method for recovering some o~f the value contained in
scrap rubker products. The pyrolysis products consist of fuel gas, liquid oils and
a solid residue {mostly carbon), all of which have at least fuel value, if better uses
cannot be found. Another possibility being studied involves the mixing of 10 per cent

of ground scrap rubber into the ocils used to marmfacture carbon blacik.

A disposal method already in considerable use and likely to find increasing
application is incineration with recovery of energy and possibly of some raw materials.
This technique has required the development of specialized incinerators, with after-
burners controlled by smoke detectors in the exhaust stack to give smoke-free combus-
tion. It has been found to be an attractive method, particularly in areas where it
is associated with reclaim or tire-making operations, so that the cost of collecting

used scrap can he minimized and there is a ready use for the heat generated,

As the least attractive route, controlled dumping of scrap rubber prcducts can
be resorted to. Scrap rubber is an unobjectionable lamd fill except under construction
sites. It should not be stored in the open, because of the fire hazard, and such
shapes as scrap tires should be reduced to small pieces to compact the fill. A
controlled programme for disposing of scrap rubber in central locations, such as old
mines or quarries, should be studied, since such accumilations could then represent a
storehouse of an important resource for possible future use. A major problem is to
find an ecomnomical system for collecting, sorting and compacting the scrap, since this
has usually been a major debit to the economics of any scheme for handling scrap rubber,

Probleme of pollution are minimal when controlled dumping is resorted to. As the
processing of the scrap rubber becomes more drastic, however, problems of odour, nuise
and health increase progressively. Retreading can be carried out without major diffi-
culties, but reclaiming, pyrolysis and incineration all require careful plamning and
control to eliminate objectionable features.
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The search for the mosi economically and environmentally attractive method of

gcrap rubber disposal should be carried out at th: regional or national level. To

date, few such gstudies have been made.

v. POLLUTION CONTROL POLICY

The establishment of international criteria applicable to the rubber industry
would be highly desirable. Such criteria, however, should be based upon risk-of-damage
asgessments, and, unfortunately, information concerning such relationships between
pollution levels and damage sustained are currently unavailable. Once guch relation—

shipse are ectablished and agreed upon, individual countries or areas are free to

gelect standards appropriate to their situation.

“hat is needed is better environmental irnformation on the rubter industry and a
system for making it more accessible., This should start with a comprehensive Teview
of current sources of information, drawing on expert organizations guch as the Rubber
Research Inatitute of Malaysia, Rubber and Plastics Research Assn., etc. Hopefully,
this effort would develop into an on—going interchange service providing pertinent up-

to-date information to all interested parties.

Another need ic for some form of general enabling legislation ir each country
, to cover environmental effects. This general legislation would enable specific regula~
tions to be set up when and where they prove to be necessary to correct environmental
problems (e.g. the banning of the use of certain carcinogenic gubstances). These
specific regulations would not ordinarily be universally applied, since the assessment

of risk-of-damage is different from country to country.

It should still be kept in mind that, oven with the anactment of pollution oontrol
regulations, each plant and each process has ite own individual pollution problens
and that it 8 the responsibility of prudent menagement to make each plant an asset

to its community and to its workers. For this reason, it ig essential that environ—

ment»] surveys be made before a new plant is built or an old plant expanded. Such
surveys assure that environmental factors are given full weight in the original
decision-making process and they provide a baseline measurement of existing conditions
against which subsequent changes can be judged. It is also advantageous in the case
of a prooess plant to appoint a senior exscutive as the co-ordinator (usually on &
part-time basis) of policies and studies on environmental affairs, to assure that this

area receives proper attention.

¢
H
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AGENDA OF THE MEETING, INCLULTNG TITLES OF PAPERS PRESENTED

Monday, 1€ September 1974

Registration

Opening message to the meeting M.C. Verghese,
Officer in Charge,
Industrial Technology Division

Election of Chairman, Vice-Chairman and

Rapporteur
Aime and purpose of the meeting A, Anderson
Chief, General Industrial Techniques
Section, Industrial Technology Divisicn
Organizational aspects of the meeting A. Dumitrescu,

Officer in Charge of the meeting,
Fertilizers, Pesticides and Petrochemicals
Section, Industriz! Technology Division

Adoption of the Agenda

A Btudy of the environmental impact of the E.T. Marshall,
rubber industry with particular reference UNIDO consultant
40 raw ribber manufacture

Ecological aspests of the environmental R.J. Sherwood,
impact of the rubber industry UNIDO consultant
Environmental impact of the rubber industry B. M.ittaker,
with particular reference to product manu- UNIDO consultant

facture and reuse of discarded products

A study on the economic aspects of the tyre A, Rlcker,
industry and its impact on enviromment UNIDO consultant

Studies on effluents from NR production in P.5. Chin,
Malaysia Malaysia
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Juesday, 17 September 1974

Statement on behalf of FAQ B. Agostini-Bennet,
FAOQ

Economics of pollution control pelicy D.P. Elliott,
UNCTAD

Some aspects of the environmental efiects M.F, El-Feky,

of the rubber industry in Egypt Egypt

Objectives and composition of the Worlzing
Groupss

Working Group 1: Raw rubber production

Working Group 2: Rubber products
menufacture

Working Group 3t Pollution control

policy

Wednesday, 18 September 1974
Preparation of reports by the three
working groups

Presentation and discussions on the reports
prepared by the three working groups

Thursday, 19 September 1974

Preparation of recommendations and conclusions
by each of the three working groups

Discussions on the final reports, recomendetions
and conclusions prepared by the working groupe

Friday, 20 September 1974

Approval of recommendations, conclusions and
of contents of final report

Closing of the meeting









