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Economic Comi es ion for Africa 

The paper suonar i ted Iter« is wide in tons of product oov«rag*t 

and it inoludo« a review of situations in sos* 40 odd countries in 
¿frisa,   la effect, is a «usaarlsed presentation of a food pati of 
the petrochemical industry pertaining to Africa.   Both this n—unj 
and the study itself were prepared hy the KA at fit« request of OTXDO 
for the Second latsrrsfional Conference on the Development of the 
Petrochesioal Industries in Developing Countries. 

Pentad for pstroofrsn^oajj 

Beoause of tas varied assunptions and approaches meed to the* 

ll  The visus and opinions expressed in this paper ars those of th 
•íhüL*"4 to oot «««•••»"y rsfleet th« views of th« secretariat 
of UMDO.   This doouneat has been reprcduoed without fontal editing. 
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study, it is rather difficult t? summarise tho section on demand.   Under the 
circumstances presentation of p. briof account of the approaches used, together 

with general analysis of tho results-obtained, is viewed as-necessary in 

starting.   This has been attempted in the following paragraphs. 
Sono estimates of demand for certain petrochemicr.1 end-products were 

available.    Por these estimates to sorvo tho purpose of giving a general pioture 
of this important sector, however, two things hr.ve hr.d       bo done in preparing 
the study in question.   The first was to fill in the gape where possible,  e.g., 
fill in the Kissing estimates at five year interval« for the I965-I980 period. 

Interpolation or extrapolation of available projections nere made.   The oooond 
was to forecast demando for products for which there were no exi ting ostinate«. 
The Method used was drtoroined by availability of information within the sub- 

region in question ne well as in other sub-regions.    Recourse had to be »ado to 
per capita eonsuspticn, to relationships bttween one product and another cr a 
group of products calculât od from information regarding r. group of oountries 

cr a sub-region, to derivation of requirements for enc-use of product, oto. 

In tho first two eases, dr.tr. fron countries or sub-regions whose conditions 
were elese to those for which the date were applied wore   used whenever data 
per tit tod.    Diccuasion in the study, therefore, relet es to the filling in of 

gaps in existing estimates for sono products and to estimating demands for a 
number of product e not hitherto dealt with in other minted studies. 

Ones tìie end-products have been identified and the prospective ¿anàné»  

have been estinated, the next step was to dot eroine tho type of feedstock 
available.    In turn, this facilitated determination of the moat likely basic 
and interoodiMo raw eaterialo end prooescos for the production 

of the ond-product«.   Using the backward integration approach, subséquent 
inputs of intsmodiate! and then basio pctrochuaioal raw Materials were 

ori undated. 
The projections resulting from the abevo approach ore presented in the 

annex. 
fron comparison of i960 projections with the e.ppá*eiit ^e^o^eot^wnpiion 

of the end-products, it is clear that desand eon be expected to increase very 
Qignifioantly.   ¿¿though rates of growth vary fron one five year interval to 

mother, and fron country to oouatry, the over-fcll compound rates for the whole 

poriod range fron 4*4 par cent (p-hexnne) to 20.5 per cent (acrylics).   ' 
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r. combination of national and international groupe     The search for oil and gas 
iB quito activo in certain arcas.   Kew diocoverioe and increased output are 

frequently in the news.    In short, although there renins a lot to be dono in 
Prospecting for oil and gas in Africa, the known reserves are good indicators 

of potential availability of hydrocarbon raw materials. 
Tota Afrioan reserves of crude oil, at the beginning of 1967, were 

32,356 million barrels, against 3ß9/>50 million fer tho whole world.    Comparison 
with the 1958   oserves of 4,119 million barrels shows thc.t in nine years African 

reserve inereased eightfold, resulting in nn average annual rate of inorcase of 
about 26 per oent.    In tonas of significance in relation to world reserve, the 

Afrioan share increaeed considerably from 1.5 por oent in 1958 to 4.6 ir. 1963 

and 8.3 in 1967. 
The future relative importraee of Afrioan hydrocarbon reserves taoy be 

gauged by prospects in othor countries of which tho TOA is a geed example.   At 
the 1967 consumption rate, the USA preven reserves of crude oil and natural 
gas liquids will last for nine years .and natural gas for 16 yetare.    In contrast 

the Afrioan crude oil will be exhausted in over 30 years at the 19*7 rate of 

output. 
The development of hydrocarbon exploitation has been as sp<*etaealar as 

that of reserves. Production of crude oil shot up from 23.5 «inion tons in 

1961 to 144 million in 1967, an average annual rate of increase of mere than 

35 per cent. Thio development ha» nado .Africa a signif cant contributor to 

tho world output of erude oil (1.3 ps* oent in I960, 74 in 19*5 *•* 8'* la 

1967). 
The situation regarding natural gas is equally impressive.   The 1965 

African riMmi of natural gas have been estimated at 2.1 trillion «3.   This 

werte ©«I to 8.5 per oent of world rosorves, n figure slightly higher than the 

1967 orude oil share for the continent• 
Production is relatively small in comparison with reserves (4|3&0 million 

m3 in 1965).   This is also true in relation to world output, as the ¿frican 

share in world production accounted for only 0.3 per oent. 
Within the laet few years, natu al gao has turned out to bo a significant 

export item of the region.   Sbeports in 1965 to OMD countries, for instance, 
increased by 50 per cent to 800,000 ton» in 1966.   I. similar inorcase was 
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expected for 1967. 
Tar Bonds Mid oil ahalcs ero other futuro sources of hydrocarbon nc.tcrir.lc;. 

Africa possosoes a "potential    f 15,000 million tons of eil fron such pcurccr. 

The picture just painted is not DO rosy when it comee to considering 

certain areas or sub-regions or individual countries.    The Equator rcu$\ly 

divides the region into the well-endowed north and tho relatively poor soxxth, 

with well over 90 per cent of the hydrocarbon resources being in the former. 

As regards sub-regione, tho Eact Africa sub-region, with no exploitable resource; 

is tho loast favoured.    The prcooding conclusions arc reflected in tho liaitod 

number of producer countries that according to descending ordor of inportenco 

arot    Libya, Algeria, ITigoria, the UAH, Angola, ar.bon, Tunisia, Oengo (3) 

and Iloroooo. 
Based on geology and on recent finds, it is poseiblb that, within the 

foreseeable future, some other African countries will join the rank of 

producers.   Theso may include Cameroon, Dahomey and Congo (Démocratie Republic). 

Availability of hydrocarbons in crude form is not the end of tho raw 

matorial question.   At the present stage of technological development, 

appropriate Wineries will be the major «uppliers of feodstoeks for the 

potrechoniçal industry. 
At the moment there is ovor capacity in the established refinoriec in 

eaoh of tho súVrcgions.    '.s eapaoity utilisation may be expected tc satisfy 

increased demand in the early 1970's, no major increasos are foreseen in 

1970-75.    In fact, only a few countries (Algeria, the UAR, nigeria, Ethiopia 

and Tansania) ore expeotod to raise their capacities during this period. 

I» contrast, tho 1975-80 period is expected to witness a surge in capacity 

ittcroarie., 
fhe planned construction of additional eapaoity should be able to meet. 

a large part of tho petroleum product requirement for develop»ent ©f tho 

petrochemical industry in the region. 

Factors inhibiting getroohoaioal développent 

The* petrochemical induetry, or for that matter any industry» needs 

certain conditions for its establishment.   Availability of raw materials, 

fuel, power, good transport not-work and market are among suoh pre-conditiono. 

ÜSW 
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thoy ahould surely bö in r oooitio« +n < 
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«Ml 



ID/WO«34/4 SUTttLUtt 
Page 8 

kiport r. part of tho finished goods demand in 'frican countries. 

As is well known, tho succoso of r. petrochemical venture lies in tho 

economic upgrading and utilization of co-products of tho basic operations* 

crocking, reforming aid pyrclyais.    Some attempt has boon made to this effect 

in the study.    In viow of tho noed to epror.d production facilities among 

member States of each sub-region, however, integration of faoilitioe pro- 

ocseing all oo- and/or by-products further to the optent desirable is not 

practical.    Because of this and other factors, euch as tho small or in socio 

cases unknown demand for certain of the products to be derived from the oo- 

or by-products, tho extent of intogretod development had to be limited. 

The feedstocks recommended were dictated by the proscnt and indi oat od 

future availability of raw met orlale and the typec and proportions of bâtie 

products needed.    These, in turn, were used r.s guides in determining possible 

prooossing techniques for tho basic operations proposed in the study. 

Combined proposod oapacitios are presented in the annex.    Comparison 

with projeotod domand shows that, in general, they approximate oaoh other. 

Full Capacity utilisation in raany of the suggested units will, if practical, 

be attained some yoare after tho initial oporation.    Therefore, the likelihood 

for production to oxceod dornend, a possibility that may arise duo to possible 

over estimation of demand in eorao ocsos,  is reduced.    It was for this purpose 

aainly that the capacities wore made to correcpond i*oughly to tho projected 
demands. 

It is to be note! that proposals for a number of alternative oombinationc 

of production facilities aro possible in oaoh cub-rogion.   Those pretested in 

the study wore based, as ouch as available, information permitted, on a number 

of factor«.   Those include consumption centres, indicated presea! and 'future 

availability of rew »ateríais, utilitieo and infrastruetures and tii noed 

for fair allocation of the production units among member countries.   ~ - 

Toe proposale in the study aro by no means* comprehensive.   Because of 

the relatively small domands, even on a sub-regionallevel, tho pedsÄitities 

for the manufacture of certain products "have been ruled out in some or in all 

9ub-ro¿iono.    Although not ooasidored in tho studyj an inter-oub-rcgional 

approach could possibly render tho produotion ->f such potroohoraicels practical. 
This approach should bo explored. 
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Fixed investment i*arUoations of the propoeeA «nit« 

The capacities vM locations of the potrochemicia unite propoecd, r.a 

noted earlier, ere tentative and, therefore, subject to chenfe in the light of 
better inf«*»ation txà new dovelopnento.   mis relates to developments both 
within cad outside the sub-region,   fliio, coupled with the feet that it is 

difficult to take inte'Recount .factor.-dot eraiaing investment roquiroocnt for 
• m «any individual countries iñ &n exercise of this nature.,, ¿ekes it impossible 
to be definito about the ÍimíKÍ£^-fms?Tím^iGm of the proposed unit«.   What 
BOG boon don© in the ctudyie to indicate rough orders of aagaitude. 

¿eeordiaf totóc resulte arelveAat-i» the stlidy, orders of aagaltude of 
4Ô0 «illiea dollars in mfraâ an additional 500 «illion dollars in 1580 
will have to be invested.    It should be noted thut these figures aw for unite 
oriented toward ¿frioan market only,    In ethor words» BO aeecunt has been 
taken in tho study of escort possibilities to arces outside the region.   In 
countries such as9 Libya and Algerie., which because of their locations have 

favourable prospects fer expert, sesto of the units proposed in the »t*<4f.J»e4* 
have to be revised.    It is possible that the additlésai investment needed 

fs* tho production ef exportable petreoaoaicnls oould brinf the fixed      f 
invostacnt to the level of lfu00 million dollars -round I960. 

ÈÊmt au 
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Satioc end intcroodirtse 

Pot «rt lia DttMJid Capacity Prcposod 

1964/65   19T0   1975  1980 19Î5              1980 

Vinylchlorido 36 n 126 225 124 221 
fUtylon* 41 95 190 366 1?9 364 
Styrone 13 13 39 64 - 55 
Dtrtadloj» 19 31 56 61 - 63 
Caprolaotsn 15 » 29 41 m 4C 
-erylonitrilo 1 4 11 21 5 8 

p-xylen« 4 S 19 31 •• •• 

BIT 5 12 25 P 19 45 
fthylcno flyool f 4 t 15 - • 

Propyl«»« m If W 123 49 1«4 
Wothrtnol 4 • 16 m 14 n 
POT—Irtohyd« 10 16 34 4Î m m 
Orofti/ 5 9 IS il 15 m 
Ph«aol2 t 4 •• II «• m 

¿Motti« Jy M SB n 101 S5 54   * 
OhloropottMQA 6 13 23 31 m 39 

46 00 132 212 m 142 
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"v?ï 'JUT) FOR PSTROOrSKICALS 

Soma estimates of demands for certain petrochemical  ond-products arc 

available.    Por those estimates to serve the purpose of giving a guncral 

-icV;ri of this important sector, however,   two things tova« had to bo donu. 

The* first was to fill in tho ¿jape whpra possible,   e.g., fill in the missing 

.>atiinatos at five year intervals for tho 1905-19ÖO pori od.    Interpolation 

or extrapolation of available projections wore made.    Tha eocond was to 

forecast demand for products for which there Wcro no existing ostimatos. 

The method used was dotcrmined by availability of information within the 

subreçUn in question is well as other subrogions.    Roc auric had to be 

mdo to por capita consumerons, to relationships between ono product and 

another or a group of products calculated fron information regarding a ¿jroup 

of count ri as or a subregion, to derivation of rs<rairo*ontB for ond-u*a of 

product, etc.    In tho first two casa* data from countries or subrogions 

whoso conditions worj doso to tao»o for whi ch tho data wcro appliid wsra 

usad whenever availability of data paroittcd.    Discussion in this paper, 

thorafor®, relatos to th§ filling in of gaps in existing sstiractcs for 

aonto products and to «tinating doraands for a number of products not 

hitherto dealt with; 
Onco tho ond-products have boon identified mi the prospootivs demands 

have boa» osti&atod, thô noxt step is to determine tho typo of feedstock 

available.    In turn, this facilitât©! determination of the »o»t likoly 

basic and in* amodiât e raw aatoriftl» and procassos for tha production of 

the ond-products.   Usia* tho baefcwnrd integration approach, .subsequent 

inputs of intarmodiatos and thsa basic potrocuosAoal raw materials woro 

e&iculötsd«   Ths prasentaticB in this section follows tbis soqucnoo, 

starting with osd-products such «s PVC and ending with basic ¡sotrccaeaioalB 

such at athylcno (tèa tabios 1-7). 
j- 

'•-•/•• 
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Snd-products 

,     »oy^h Africa (Table Al)~v -77 "^ 

la term, of scop, and depth of coverse, North Africa leads the other 
•ub-raglon. in the availability of étudiée in petrochemicals,   -yen thon 

**•*•*, certain aeaumption. had to be made in order to ada.t it for use'in 

thia atudy.    A case in point i. that of eynthetic rubber..    According to the 

•««re. raferrad to in Table A1, S3R and polybutadicne are aupposed to 

eoa.Ututa ta. mjor part of the eynth.tic rubber conaumption setim.te.. 

Awu-la« that the polybutadicne .hart in the 153o total aynthetic rubh« 

ootiant. corraapond. to the 12,000 ton. capacity envisaged in the UAft coapl.,, 
tfc. rtwiainf 47,500 tona ahould ropre.ent aoatly S3R. 

ÄitVl rubber beinf the preferred rubber for inner tub«, it ahould 

oecusr * relatively important poaition in the aynthetic rubber group.   in 

t*. abaenc. of indication, aa to it. r.lative importance, th. butyl to 

» rtUUoMhip (0.2), èalculattó on thè baai. of the Wet African aitua- 

U«, m, M to o.tiwt. butyl rabrouante.   Such r.iationahip.. reatad 
to »bout $,000 ton. butyl rubbtr and 39,500 ton. m.   Follín, rtÉilar • 

*m**á**, tu. bwak-tti of th. total aynthetic rubbar e. ti «a tod conation. 
.*•*• obtained for the remininç yeara. 

HaLAfrioa (Tabla A2) 

àrnmg the aejor plMtic. thore ia no «.tifate for si©ty.tyr«ne.   A. 
**• .ifnifioance of .tbi» plaotic incoia.« with ri.ing .tandard of living, 

•«•. **# orto of «a*nitud... of futu,a eonwiiptio,, would bo in oro«: 

nt* «M don. oc th. bau. of the polystyrene to ¥W • potarle»« relation- 
•Mr ««riiNd fro« Kortl) African fifera«. 

•r. - îotart 1044 fibr. oon.tt.ptio« «a. 17€,(X» tona.    Of tòi., 3.7 »Ór cent 

(.bout «,2oo ten«} r*wmfd «ynthm©..   ^.latter «a. poetad to 

- iti .hare to 5-5 P*r oant (16,000 ton.) i» 1f3o.^ Accordila to 

•y 2^* s z iïof'tsr.^ -*-** *f *tM* •**• ** «*• 
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-.-e cent  trends,  it is likely  that this shave will double.    The estimates 

presented in this study are,  therefore,  based on this assumption. 

Thn 1964 synthetic fibre consumption was estimated to consist of 

51 per cent nylon,   34 per cer.t polyester end 12 per cent others.    In view 

of trends  toward polyester end other fibres,   the  1980 broak-up is expected 

to lojk like this:    55 per cent polyester,  24 per cent others and 21 por 

•eoiit nylon.    Unina- tnceo allocr.tior.n,  the I96/1 and 1930 estimates were'ob- 

tained.    Demands for 1970 r.i:d 1975 >-ero calculated by interpolation. 

As regards fibres grouped in '•others",  it has not been possible to 

identify the types.    It io possible, howovor,  that acrylics should figuro 

uigrifice.ntly in this group.    In Worth African estimates of synthetic 

f'.bros,  they accounted for 5.5.per cent in 1965, and their share is 

expected to grow to 10 per cent in .1970,-16 per cent in 1975 and l8 par 

cent in I9OO.    In the absence of any indication in West Africa,  theso 

•figures havo boon used in estimating demands there for acrylics. 

The situation ro¿a?di::¿- synthcHc rubbers is somewhat similar to 

that of fibTG3.    In some liest African countries, the maximum share of 

uynthotic rubbers in total rubber ccnsuniption was estimated at about 

jú por cant in 1964.    This eenparea favourably with the world figure of 

57 per cent in 1967.-"'    According to information extracted fron1, another 

inure©,-'   1975 a»<i 1Í/--0 der,*?, idi; for inner tubes wore fcund to raprosa»t 

al'iwt 9 per cent of all typo i of rubber demand.    Assuming inner, tubes* 

to be of butyl rubber, the i*3nminir.g 49 por cent should ropresont other 

zyutlratio fibrös.    Con«idor*..,3 tho dominance of tyres and tubas (probably 

aocountin^ for soste 85 por c;nt of nibbsv two)  in áfrica, and tho 50 per 

coat ahar© of synthtties in rubber products in general, it could bo 

eesjnaod that about 45 per cant of tho total rubber consumption U in SM. 

Using those poreontar» afaarc-", the butyl and S3Ä components w®ra oaleulataé 

í"roja the esttaatod total ruba*? dinamd». 

1/     Source* .Chaaical and,>*• 1 neqrinfl gqaa. Eocombcr 25,  1967.'' 

2/     Source: fto^UjMBtof tb« Jubbe- Industry in Woat Africa 
es/e». itfBgftifjrmir^ee: "TTT" 

.*•*• 
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•Pablo 1i Satinatoli .Jgotontial demand fm» n^wi^íMu^üi   ««.»... 

(in tons) 
"**    wm-uiuuuu b9 

• * 

.;•'*• •«•••• 
1964/65 1970 , 1975 198O 1964/65 I97O 1975 I960 

?V 

44,100 

: 

6,935 

Polyethylene 
u:»«íth imoa 16,750 28,500 67,100 17,500 37,700 67,100 

Weit Africa 7,750 17,560 34,480 68,570 4,053 11,950 23,920 64,470 
Contrai Africa 2,507 6,375 12,728 24,431 1,080 3,300 7,600 16.C0C 
iMt Africa 6,100 13,200. 25»500' 48,300 3,60o 10,700 21,640 45,90C 
total 33,177 65,635 116,808 203,401 

Polyttyrcaa 

15,668 43,450   95,860 

SBR 

193,470 

*> •   : 0.' / 
1   ' •       •* 

Worth Africa 2,760 5,100 8,100 11,800 10,600 16,200 26,000 39,50C 
Wo«V Africa 1,360 3,100 6,300 12,200 7,000 12,400 20,000 32,000 

•   Contrai Africa 430 1,080 2,000 3,700 1,240 1,600 2,100 2,ß3C 
iMt Africa 1,120 2,650 4,660 0,600 5,350 9,900 10,200 33,30C 
total 5,670 11,930   21,Q60 

Mylong 

¿J,K0 24,190 40,100   66,300 

Polyeaters 

107,450 

Horth Africa ! • 7,300 11,000 15,500 25,000 850 3,400 8,000 15,00n 
Watt Afrioa 3,300 4,800 6,100 6,600 2j100 4,400 8,500 16,900 
Control Africa 620 820 1,040 1,100 390 760 1,440 2,9C- 
Boat Africa 2,300 2,900 3,550 4^50 1,400 2,400 5,000 ììjQùQ 
total     , tt.520     19,520 26,190 36,950 

10,000 

4,740 10,960 22,940 451 Sor 

Acrylici . Uroa-foraaldohyda 

»orth Africa 
• '». ••      •     •' • •' 

450 1,700 5,000 1,890 3,100 4,740 7,200 
Waat Africo 340 1,100 

• 2,900 5,600 1,960 3f420. 10,300 13,700 
Contrai Afrioa 60 w 500 . 950 2,710 4,900 7,130 9,500 
»Mt àfrica 230 680 1,700 3,600 690 2,050 ,4,120 5,140 

1|0l& 3fi70 10,100 • 20,150 7,250 13,470 26,290 35,540 

I     •       »I • 

•'K> 
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I'ìTì_C i continued 

1964/65    1970      1975      19PO      196V65      1970        1975        I960 
 Jihçrwl^f oi^ldeh^do Dodecylbonc ano  

F. r;h Africa          810      1,350    2,020    3,100 9,200 14,000    21,500 30,SOO^ 

West. Africa            85O      1,480    4,400    5i900 2,600       5|050    10,300 20,600 

Contrai Afrioa 1,160     2,100    3,070   4,100 290           G60      1,360 2,070 

í>.3t. Africa            290         890    1,760    2,210 2,000       3,800      7,600 14,900 

Total"                 3,100     5,830 11,250 15,310 14,090 23,710    41,060 68,370 

Djyr(75¿) HIC(25#) 

North Africa 2,684 2,948 5,215   9,270 694 1,049 3,465 6,520 

ïïest Africa 1,1G0 2,060 5,960 10,300 5,454 10,050 13,895 32,370 

Central Africa 370 2,830 3,200   3,600 

Ss3t Africa 1,880 5,250 9,980 18,950 * 1,790 3,480 6,440 12,050 

fotal 6,114 13,888 24,355 42,120 7,938 15,379 28,800 50,940 

Butyl rubber Polybutadieno (rubber) 

:-k...'t:-Afrioa     2,200 3,300 5,300   8,000     3,200      4,900     7,800   12,000 

.>est Africa       1,400 2,500 4,000   6,000' 

Coatral Africa      250 320       410       530 

Y.¿*% Africa       1¿070 2,000 3,630   6,650           .. 

otal                  4i920 8,120 13,340 21,180 rrw- 

Perchlorocthylsno n-hoacano 

lícríH Africa     1,700     2,500    3,600   6,150 ..       50-130- 

"oat .Africa      .   330        630    !5000   1,750) .) ) 
Ce*** Africa  "    30          70       120 20O)4O0-1O00)50O.130Oj600.15O0J67C-170O 

lisait Africa           270        420       96O 1,500           ,.             .. 

Total                  2,330     3,620    j',680 9,600 6OO-I5OO 800-2000 9OO-225OIDOO-255O 

Carbon black 
• <t«w>>*'ím-4m-""•*> w<+'"*' '"»•*•« <pm 1.m.i» 

îîerth Africa 12,400 17,000 z:,500 34,000 

West áfrica 6,200 11,000 17,300 28,000 

Central Afrioa 1,100 . 1,400 '»,900 2,400 

. 13ut ¿mea 4|700 8,000 16,200 29,500 

Total 24i400   38,200 59t900 93,900 

•, »' * ' 
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Contrai Africa''(Tabio A3) 

With the exception of PVC and dotergcnt's,  there aro no demand estimates 

available for any of the petrochemicals considered in this exercise.    As 

conditions are not very different from those prevailing in.West Africa, 

order« of magnitude of consumption of plastic producte (polyethyluno ¡md 

polystyrene) were calculated, using per capita, consumption based on estiraatot 
for the samo products in West Africa. 

Total fibre demand, for use in fabrics, is expected to increase from 

29,600 tona in 1963 to 47,500 tons in 1$75 and 65200 tons in 1930.   About 
8.5 por cent of the latter (5,250 tone) is expoctod to bo covered by 

syhthotios.-' As,no addition.:! information is available, further assumptions 

had to bo made    Firstly, total fibro demand for intermediato years (1965 

t and 1970) lias obtainod by interpolation.    Sooondly, 3.7 per cent share of 

synthetics in tho West African market in I964 was assumed to apply in the 

sub-rsgloa in 1965, and on this basii synthotio fibres sharoe for 1970 and 

1975 war« obtainod by interpolation.    Finally, applying* the breakdown by 

typos of aynthotics assumod, for West Africa, approximate demand for nylon, 
polyester 'and aorylioa we:?© calculated. 

At rogarás synthetic rubber, some incompleto information had to bo 

used at a projection basis.    In 1975* annual imports of tyres and inner 

tubs« for oars and  ;rueks to the Congo (Democratic Republic), and excluding 

import of thoso mountod on iraportod vehiolos, aro ostimated to be 200,000 

units.    Tho 1955-1959 avorage coraumption of 900,000 un its of bicycle tyroc 

«md 1.3 million in»¿r tubos are expected to be attained in tho 1970-I975 

. period.^   Ths rabbar coatoat in all these units will approximate 1,500 tone 
(1,000 tons for vohlolos and 500 tons for bicycles). 

la tas UDEAC ejuntrics, imports of tyros and tubes increased from about 

1,300 tons ia i960 •<© 2,?80 tens in 1964.   This is equivalent to 1,150 and 

1,400 toas of rubber at 50 por coat rubber content and growth at a rate of 

Sourooi ThoTorçtUo Situa^ion,,|n_Cmt:Sftl Africai Uarkoto-Indugtries- 
Prospoots. SOT, 19367  — —~ 

S06*6©* PoiiihUités d'induatria^isatioa dos Stats africains et 
"***»ohe WPS^jiü'-.nii RépubliQ^o^o!èaoora,ticrue du.Congo, Vol. I, 
dec ombro, i960. 
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5 per cont per year. In the absence of adoquato information, this rate of 

growth was used to estimate the order of magnitude of demand for the 1965- 

1080 period. For the same reason, this rate was applie.i in oxtrapolating 

the 1975 estimato for the Congo (Democratic Republic} reforrcd to above. 

On the assumption that rubber in tyres and tubos represents 85 per cont of 

rubber consumption in the sub-region, the following total rubber needs were 

calculated. 

1965  1970  1975  19C0 

vmic 1,700 2,170 2,300 3,600 

Congo (C.n.) 1,050 1,400 1,000 2,300 

Sub-region 2,750 3,570 4,600 5,900 

Using the 9 and 45 per cent aliaros for butyl rubber and BM respectively, 

orders of magnitud© of demand for those two were calculated. 

East Africa (Tabio A4) 

The country projections of PVC domande presented in Tabic A4 wore re- 

garded as being on the low side. Tho sub-regional totals givon in the same 

t&b!© were obtained, therefore, by tho application of Nest African per 

capite consumption estimates to the population projections for tho sub- 

rogion. Regarding polystyrene, as was the caso in West and Central Africa, 

there was no local indication of past or current consumption which could servo 

as a base for projection. Under the circumstances, demand for polystyrono 

had to be, estiaated on the basis of its relationship to PVC + polyothyleno 

derived from available data on the North African sub-region. 

la 1962, synthetic fibres accounted for 4.I per ce»* of the. total textilo 

market of 993 million yards. This shore was expected to inereaso to 6.0 per 

cent in 1975 whoa total fibre demand was estimated at 1,423 million yardst-^ 

Because of strong indications for an accelerated trend toward synthotios, as 

evidenced since 1963, this pcroentago share has been raised to ö.O and is 

aesuraod to increase further to 12.0 in 1980. 

1/ Sources The Textile j^dustrios in tho Sast AfricanL, 3uyy«g¿niJgrjiojst 
Situation and Growth Prospects J¥ffl* i&m/M] t.3PAtJi2§5>     * 
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•     -On tho basis of 1962-1975 rato of growth (2.8 por cent),  1965 and 

I98O total textile markets woro estimatoci at 1,030 and 1,630 million yards 

respectively.   Tho projetions oxpròssod in yards wore converted into tonnage 

taking into consideration ;tho trend towards lightor fabrics.   As regards  • 

break-up of the eynthotic portions, tho proportions that were assumed for 

Westr-Africa woro applied for Tfcst Africa:'-nylon share in synthetics to 

decroaso from 54 por cent in 1965 to 21 per cent in 1930, that of polyestor 

to increase from 34 por oent to 55 portent and that of acrylics from 5.5 

to 18 psr oent.   Tho results thus obtained aro prosentod in Table A4. 

Total rubbor consumption in Sast Africo in I963 was estimated at 

9|3O0 tons and was expected to incroaeo to 22,000 tons in 1970.^ Assuming 

tho 196J-1970 ra*eto apply for tho 19S>-1980 poriod^domand may be estimated 

to have risen to 11,900 tons in I965 and to inoreas0 further to 40,400 tons 

in 1975 and 74f000 tons in I98O.   ?oílowin<; tho samg reasoning as that 

applied to West Afrioan rubbor domina, o.g., using tho 9 por oent butyl and 

.45 par oent SBR shares in tho total rubbor rocruiroraont, ©stimato* for thoso 
tVo syntbetio rubbers woro calculated. 

''-•     As regards detergents, the Sast African, sub-region is the only ono for 
which there are no' estimated domande or local information adequate for 

estimating thorn. - Undor tho oircumstaitoos, rosort had to be made to tho use 

of/per capita oonsumption in other sub-regions.   Tho Wost African figures, 
invariably lying botwoen those of Horth Africa (high) and Central Africa 

tie»), were assumed to represent tho *Saat African condition.   Tho ostiraatcs 
resulting from this approach aro" prosentod in Tabi 0 A4,. 

W ^^LP^3^S^JPj£3SÈ2^1?. lad^otlvosjsolvonts and carbon black) 
Because of potential for development, the products in those groups have 

»•en solsotod for inclusion in this-study.    Mo demand forecast was availablo, 

is star ing, and thoro woro no data from which to develop past trends.   Tho 

approach usod hero in estimating demand is, therefore, necessarily difforont. 

Prospootivo demand has been derived from the oontont of tho particular petro- 

Sowee* Tn»JSo^opagBt of Rubber Ooods liinufacturo in the gast African 

^      • • .*'-••• : , $C   . .  •:'•     •  v 
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ohéadcals in ©onsumor goods or final outlets considered of significance in 

Africa, and input• in certain industrial establishments. 

Adhojivoi - Under prosent and forosooable future ".frican conditions,  tho 

wood industry s asms to bo tho major outlet for those resins in tho form of 
adhosivos.   The requiremont for oomposite panais is viowod as rofleoting 

total domandi 
In varying dogreos, all sub-regions aro producort of ponds (plywood, 

particle board end fibro board).    Table 2 prosents avorago production for 
tho 1960-65 ported and promotions up to 1930.    Troni information obtainod 

.   in the field, rosin oontont in panels is about 7 por oont by woight.    Assuming 
this to apply .to all sub-regions, and converting vol urn 0 figuros to tonnago 

using average speoifio gravity of panel equal to 0.7f approximate demand for 

.     adhesivos was ostimatod, 
Ursa- and phonol-fomaldohydp resins are tho major adhesivos usad. 

Again on tho basis of field information, 70 par oont in in tho form of tho 

formar and 30 per oont in tho latter.   Tha results obtained using this 
« 

relationship ars shown in tho sano table* 
Moulded goods of various kinds, such AS telcphono and door and ol oc tri cal 

oontrol knobs, ars other outlets for phenol-formaldehyde (Bokolito), and 

domestic appliances arc an out lot for uroa-forraaldshydo.   Duo to tho advant 

of new piasti os, uroa-formaldehydo for domastic appliancos is of loss s igni f- 

* 'L ioanootoday than it ©noe was.   Demand for phoaol-formaldehydo could, however, 

' ber appreciable.   Thero is no adequata basis for ostimating resin roquirornent 

for tho above ond-usos, and no attempt has boon made to make such estimates. 
The abovo figures regarding phonol-formaldohyda in particular,aro, thoroforo, 

\     io be regarded as minimum. 

SolTsnts - Dry cloaning, extraction of oil seods and surfacu-coatings are 
: among the important aotivitios using solvents in apurocir.blo quantities. 

• A* attompt has been slado in tho following paragraphs to ostinato ordors 
of magnitude of oonsumption for sorno specific solvonts. 

-.    'S- 
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Dry-cleaning - The dry oloaning industry hag, during a good port of 

tho past threo to four docados, soon the advent of new chlorinatod solvonts. 

Carbon tetrachloride gavo way to trichloroothylonc, and this, in turn, is 

giving way to porchlorocthylons. Tho solvents commonly usod nowadays ore 

thoroforo perchloroothylonc, stoddard solvent and petroleum distillates. 
Prom past trends, it is cxpoctod that peronioroothylone will replaco »oro 
and mors tho non-chlorinated hydrocarbons; .A -'• 

In tho absonco of othor information for ostimating solvont demand for 
dry cleaning, an attompt has boon basad qn urban population. Towns of 

100,000 and «oro inhabitants arbitrarily have boon assumod to qualify as. 

consumption centros for dry cloaning solvents. Prom 196O-6I avorago imports 
of chlorinatod solvents, ordors or magnitude of apparent consumption for 

urban population wore estimated for oortain countrios for which data wsro 

availablo. As shown below, tho results rango from 0.036 kg per person in 
"ithiopia fo 0.483 in'Algoria. 

Í. 

Ethiopia 

roroooo 

Kadagaacor 

Kg/porson. 

0.036 

.0.158 

0.166 

• i Kg/porson 

O.25O ? 

0.386 

O.4O3 

UDZ countries 

Zonbia 
Algeria ' -. 

Because of elisati© eonditioiii, tho woaring of apparsi normally 
requiring dry cleaning is not as prevalent in tropical Afrioa as in tho 

relatively temperata or cool areas in Africa. Tho latter includes parts 

of northern, Masters find Southern Afrioa. Sosio of tho above figures do 

act, however, seem to support this oonelusion. Those pertaining to tho 
KB® coun tri os ans a caso in point. Tho explanation for tho high figuro 

lies in tho fact that tho quantity of solvent used in ostiaating octtaumption 
per person includes all chlorinated derivativos oxoopt WS.   If tho „ h 

Ethiopian OMO is regarded asna oxooptiòn, tho abovo figures support tho 
oonclusioa. 1 

As tho standard of living rises, so will consumption of solvents for 

dry oloaning. Booauso of fluctuating treads is tomo of the abovo-mcationod 
oountries and in the absonoo of défiait0 pattern of growth, incrcasod 

sumption per porson has not bocn forecast. Sough future domande are 

estimated on tho assumption of 0.1 kg per person (40 per cent of tho USB 
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count rio« figuro) to apply to tropical areas and 0.3 kg por ?oreon (avorag 

.of tho other countries oxcluding Sthiopia) to the rosaining arcas. Tho 

resalta aro prosontod in Tabi o 3. 

Tab! o 3» Satiaatod eoi vont roquircmont for dry cloaning 

•0 

1960    1565    1970    1975    1930 
Urban Solvent Urban Solvent Urban Sol vont Urban Solvent Urban Solvent 
pop»-     (t)     popo-     (t)     popu-     (t)     popu-     (t)     popu-     (t) 
lation . latlon lation lati on lation 

»orth Africa T3 3,900 I9 5,700 -24 7,200 31 9,100 41 12,300 
W«st Afriea    7 700 11 1,100 13 1,000 25 2,500 35 3,500 
Central Afrioal 100 1 100 2 200 3 300 4 400 
Inst Afrioa     2 600 } $00 4 ¡ 1,200 6 2,400 10 3,000 

fotti n   5tK»      34    7,800      48   10,400      65   H,300      90   19,200 

i)- 

.    .   Inport statistics indicate that apparont consumption fas* certain count ri ¿8, 
nnaely UDf, Tunieia, rorocoo, Algoria, Zambia, Ethiopia and Madngaeear for 
the 1960-65 period haa been around 1,500-2,000 tons annually.    Cottpariton of 
thoso with tho I960 ana 1965 oaloulotod totals for tho sub-regions in Tabla 3 
indloatos that tho lattor «ill not bo vory different fron the actual 00a- 

fhero it BO oins am to ths typos and quantities of solvents- in uso. 
Under tho oirounsUnoos* a guese basad on tho trend towards porohlorotthyleno, 
r«ferred to above, had to be sede.   It is, accordingly, oxpoctcd thr.t the 
•aar« of porchloroothyleno, aesuncd to bo about 30^ per cent of th* 1965 
ooaousption, will inerte«« to 35, 40 M* 50 per cant in 1970, 1975 «*<* 1930 
rospflotively.   The rosultiag fifuros aro showmin fable 1. 

.«-.¿••i    ' 1 '» • •    • 

J/    Aocordinf to Industrial Chosaoals.by fltith, W.L., Keys«, D.B., and 
Citile, H.L., porohlorpothylcno acoountod for 30 por oeot of the dry 
oleaainff solvent in tho USA at tha beginning of this decado. 

<(••;  ••'• 
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Sci vont. _ entracti on of_gil sceds - In developed countries,  vegetable oils 

aro mostly solvent .extractod.     In Western-Europe,   for instance,  ovor 60 

por cent of the I96I total cil capacity wao accounted for by solvant 

extractors.-^  Solvent extraction can recover up to 9'0> P-r cent of the oil. 
,pvVG corresponding efficiency with the conventior.nl   expression process is 63. 

(v:r 10 per cent of oil content  in the latter procese is,  therefore, left 

jii the oil ceke, '   ' 

A high oil-content cako (more th?.n 0 per cntj  is less nourishing and, 

oocausc of its rancid tasto,  doos not work wall as stock feed.    Too, -this 

unwanted oil in tho calce is a waste to the processor because the price of 

oil is about throe timos that of the calce.    High oil content is tho pre- 
2/ •ruling stato of affairs in almost all oilseed crashing mills in Africa.-' 

According to ¡3EE3S*' ,   1970 osti mated oil production in the whole of 

Africa is about 3.7 million tons (sco Table 32).    Using the abovo relation- 

ship and assuming that all the- oilsoeds produced are crushed in Africa,  the 

oil lost in the cake but recoverable if solvent extracted, is estimated at 

400,000 tons.    It weald not bo practical for most  existing oil mills to add 

solvent extraction units,.. Such units should "be centralized in oilseed crashing 

areas whore they could have relatively easy access to cakes of expression 

mills.    As shown in Table B1, Wost Africa (including Central Africa) accounts 

for about two-thirds of the ¿frican output.    This gives a rough idea regarding 

the areas of possibio concentration of available cakes. 

At 2-5 kg solvent per ton of oil to bo extracted from the caku, sol vont 

requirement for the 1970 Í3 estimated to bo oOO to 2,000 tons.    Assuming that 

'SSESf o^tiiaatod rate of increase in oil production up to, 1970 will apply to 

the I97O-I9GO period, 1975 and 19CO solvent requirements have boon estimated 

at 900 to 2,?50 and 1,000 to 2,550 tons respectively.    In the absence of adequ- 

ata inforwation tho distribution of those global projections by sub-regions, 

tho 1954-"»962 trend, visible in «Tablo B1, was used to astimate the combined 

West and Control African share». 

\]    Source* economic Aspects of the location of Oilseed .Crushing 
(ccpsçr ^¿71217FAO, 19¿6 •        . •? -   .. ~V 

2/    Thor« appears to bo a solvent equipment in Senegal. 
j/    Source: Le Harché des. Oléanginoux Tropicaux. Rapport Général, 

USEES, Paris, liai.  1964. * * 
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With timo and industrialisation, and bocauae of tho oxpoctod shortage of 

fat» and aile in tho world, sono of the existing expollor mills may have to 

bo couvertod to solvent extractors. Bosidos it is to bo oxpeotod that a 

good number of now installations will bo in this form. As there is no 

adequato information on which to base tho magnitudo of production, solvent 

requirements for such units have obviously not boon providad for. Since 

It 1« onlikoly that all oil sooda will bo procossod in Africa and since 

all oil cakes «ay not bo oxpoctod to find thoir way to tho sol vont extractors, 

it is likoly that tho sol vont not utili tod for cako extraction will be used 

by tho now installations. 

Although trfehlosouthyiono is used to sono oxtoat, tho usual solvents 

ars light petroleum fractions consisting chiofly of n-hoxano. It is 

aeouaod that tho estimated solvent donand will bo mot ontiroly by n-hexano. 

Swfaoo-ooatingf - Solvents aro among tho constituants of surfaoo- 

ooatings. -Turpentine usod to bo tho most important. It has long sinoo 

osea replaced by white spirits and BBPs. Aromatio hydrocarbons, alcohols, 

ostsrs, kotonos and others are of particular iœportance in vamishos and 

lsoquors. 

.To estimato solvent requirement for surfaco-eoatings it is holpful to 

aw* a rough idea of surfaoo-coating demand. Tabi o 4 has boon compiled for 

this purpose and shows local production figures oçual to ?0 por cent of 

desini« This isplies that tho balance (10 per oent), roprosonting special 

«s€aoo-ecmtiags, would bo set by imports. Although the requirement of 

•olveata sad thinners varies with the type of oontiag, an averago of 10 per 

etsrt ©f total coating has been assunod for the purpose here. Estimates for 

*aolveats sad thinners as calculated on the basis of this assumption are 

paresentod is the saae tabic 

It is not possisi» to broak down the above ostinato by typos of 

solvent. All that oan bo dor.o at this sta#c is to distinguish roughly 

estuosa petroleum based solvents and others* The formert by far, command 

ta* largest share. On the basis of indicati DRS from oortain developing 

I, a maximum of 10 per cent ef the sul vont requiroment has boon 

to be met by tho latt«r. The rosult.ng quantity, when viewed 

*; 

MNkl —.JL.. .... 



fcf 

ag«    18 

B? 
Ol 

«¿' 

•tí 
fi 

•H 

5! 
«i 

-<! 
8 

si 
4*1 

•O' 

Si 
a 

o 

oí 
(Hi 
.9 
¿Sí 

I     ! I îfl 

8 8 
î        ON -      _ 

¡leí g 8 8<& 
-   ¡     "O    m    T-    rn 

•H' o 
1 r*< a' fc 

+'l <H 
o «*' 
o' 't 

ss r-i* 
ia¡ c ° ti! 
*«! +•»• p * K* 

f) 
°¡ f>; 
u;  • 
-J o; 

•»-»' ^» 

4>N¿¡ 

r; "-' 
c. .: 

s 
e: 

»      j 
4*  O    ' 

,   tí f- 

Jf 

"<*?'. 

V 



. .. i a .1 m\mmmm^mmmem'^mfÊSm. 

' II>/Wc.34/4.Rov.1 
P*«« 19 

tfaiaat th* auabor of typ*. it roproaaata, oufgo.to no aig*ificant volume for 
any on. of tho..   Booaatt of thia, tad in vi«, 0f tho difficulty of «..«.Bing 
ti» aafaitadt tad typo of individual aalYtnto, it i. aatuaod hwt that thee 
tttabUthaaat. whioh will prodao. otrtain ohaaioai. auch.a. bon.ono, alcoholo, 
•to.., oould oaailjr produco «rtra quantity to wot tho our/aco-coating. 

SKteJOSáS - Carfcp black i. uatd a. a roinfercin* agont in rubbor 
•w*f**ttiraf for trrta in particular.   A. tyro, and tubot account for about 
85 por o«t of total rubor doaand i» Africa, â« agaiatt, tay, 60 par oont in 
tho Unitod Stat«, of Aatrica,!/ th. roo^lr—nt for caro» blaok .hould bo 
•iffcifioaatly aigaar in rtlatioa to total rabbar conouaption. 

ffc!atfb0<l **** •**•"* la •MttÄrt«« **•»» artielot vari...   In 
nnapnimrtliii lanar taboo tad trrtt, for inataao«, 20 and 50 parta of carbon 
Wat* •*• aatatd far tOO part, of rabbar ra.pootiv.ly.   Ctaaidaring ooadi tioaa 
in Afrioa, It mmn that a» avara*. af 40 parta par 100 parta aay bo aaauaod 
ta atpr.aant too proportion applloablt to total rabbar daaaad for tho period 
«^mla».   Oa tho baaia of thi. ralatieaahip, roquiroooot for oarboa black 
vat Qoaputod for atch ¿ub-ragloa (toa labio 1). 

à» tatrt will atataaarilr bo aaod to lapart aartain rtady-to-uto rubbar 
•»taa. including part, of aaaaiaaiy and vohiolo., tat oarboa blaok daaaad 
••tiaatod amy ba aoatidtrad oa th. high «ida.   It it aaauaod that tho «co.. 
atti at abaarbtd by rajuirtatatt for .urfaoo-coating. and ink. for which othor 
proiriaion haa notb.071  «do. 

£««««• fable 5 praaaata potontUl aonoaor roqulroaont. for polyaor- 
itatioa.   thoy «or« dor trod fra» tat aatiaatad aaaaaaa far palyaart thana in 
fablt 1.   .:••.:•;. • .    • 

:; **• ****"***• ** batió potroch^oal inputo aatatd ta produco tho onâ- 
prodaoto ocoaidarod ia tala rtudyara aaomia faaltt ¡S, 7 and 8.   it ahould 
at «a*a4 that ttay^ 
bothtabloo. 

, Dooaabor 3, 1967. 

> - 
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HAW HATCRIAES (Petroleum and natural gas) 

A relatively largo port of Africa, tho coastal areas in particular, is 

ander oil cone e sei on to many international oil companies and, in some caaes, 

a combination of/national and international groups.   Tho search for oil and 

gas it quito aotive in certain areas.    New discoverios and increased output 

are frequently in el*e news.   In short, although tharo romains a lot to bo done 

in prospecting for oil and gas in Africa, the known roservos aro good indicators 
of potential availability of hydrocarbon rait materials. 

Total African reserves of crudo oil, at thó beginning of I967, woro 

32.3M rtlUoo barrels, against 389,050 Billion for the whol* world.-í/ 

Comparison wita tho 1958 reserves of 4,119 million barrels shows that in nia« 

years Afrioan resorvos increasad eightfold resulting in an average annual rate 

of inorease of about 26 por eont.   In torn« of significance in relation to 

world roservos, the áfrioan share incroasod considerably fro« 1.5 per cent in 

1958 to 4.6 por oent in 1963 and 8.3 in 1967. 

Tss futuro relativo importance of Africa» hydrocarbon roservos might bo 
gauged by prodpects in othor oountrios of whieb the USA io a good example   At 

tat 1f47 consumption rato, tho USA proven roservos of crudo oil and natural 

fat liquida util last for nine years and natural gas for 16 years.^   In 

contrast'tho Afrioan orado oil will bo exhausted in over 30 years at tho 
19Ä7 rato of output. 

T>o development of hydrocarbon oxploitation h&s boon'a« spectaoular as 

taat of reservo*.   Production of orude oil shot up fro» 23.5 «illion tons in 

I96I *e 144 «Illion in 1967, aa average annual rato of increase of more than 

3$ per oont.   fais development has nade Afri er. a signifioant contributor to 

.the world-output of erado oil (1.3 por «eat in t960f 7.4 in 1965 and 8.3 ia 
Wth       . ••.-••• .f  •'' -I • 

lio situations regarding natural gas ir equally iapressive.V ?ne 1965 

Afrtoea reeervos of natural gas have been estimated.at 2,fc»,000 million a3. 

fais works out to 8.5 per eoat of world reserves, a figure slightly higher 
than the 1047 crude oil satire for tha continent. 

.1." 

J«1*0«* gtfcpa - Praaco »tresjsr. Io. 456, janvier 1968. 
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Production is relatively small in comparison with rosorvcs (4t500 

million m* in I965).    This is also truo in rolalbn to world output, as the 

African share in world production accounted ior only 0.3 per cent.-^ 

Within, the last fow years, naturel gas has turn od out to ho a 

significant export item of tho region.    Ixports to C^CD countries, for 

instanco, increased by 50 per cent to 800,000 tons in 1966 over I965. 

A similar increase was expected for 1967• 
Tar sands and oil «tolos aro other future •sources of hydrocarbon materials. 

Africa possesses 15,000 million tons of oil from such sources. 

V     The picture just painted, however, is not so rosy whon'it'cases to 

considering individual countries.   Present avallabili tv of hydrocarbons is 

limited to P. fow countries, notably, according to desconding order of im- 

portanco:    Libya, Algeria, Nigeria, the UAR, 'Angola, (keen, Tunisia, Conge 

(SfemasaviUa) and îîorocco.    These countries and others are dealt with in the 

remaining part of this section. 

Libyan oil reserve« increased fourfold ta 2,305.5 aillion m   in i960 a», 

compared to 556.5 in 196I.    Is regards natural gas, rosorvos havo been 

oatiaated to 420,000 million »3 in 196"7.    ¿tout 68 por ocnt of this is 

associated gas. 
3 

Production of oil started in I96I and rose to over 100 million er in 

196?, ranking Libya as tho fifth exporter of potroloum in the world.-'  If    • 

tai» fantastic rato oould bo sustained for some timo, Libya, with the tondoncy 

for- production coot to bo low there, will definitely pull itself to a higher 

rank among tho top oil oxporting countries in the world. 

fecept for a smell quantity needed for the 8,000 b/d refinery, the crude 

oil produced is exported.   In 196?, export of oil accounted for 98 por cent 
1 

of «II Libyan exports.    In terms of volume this was 95 million er and was H«! 

time that of, I96I.   According to descending order of importance the Federai 

i/     Souroei   Electric Siorgy Survey for Africa (S/CN.H/EP/36), EGA, 1968, 

y     Sourcet   Marches Tropicaux et Méditerranéens. Wo.    1198t 26 Octobre 1969 
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Rubile iromrr^^L, liai*, V» »otharlaada and Franco aro tho 
amjor iaportoro of Ubjaa orudo, «Mb laportir* owr 50 ailiioa tenéis or 
6adilioaa3 ia 1966. 

Tte olfBlfioaaco at oll to tao oooBoay of a oountry lite Libya io 
evident,   la 1*67/68 oil «atributa* $476 aiilioa to tao national iaooao • 
or àbout $260 por oapita aa ooaparod io '64 aiUÌoa( or HI por capita la 

1963/64.        t é 
•     «Tao futuro outlook A hydrocdrboa reioureoa ia Libya aaeaa te »• »rifte. 

Xadleatioaa are that retervee nay reach 3,200 »illion a  orado oli. and 
610,000 klUoa a3 aatioaia ÉM * 1975«   *»• ©orreapondite; proitaetioa 

.fl^^iÉa •tfotpooto^ Oalikc 
et prceeat, he*eter, a goo* past of tao fat any te expected to te ooa»er- 
«iaUaeov   la foot aooordïat, to C*a£o¿aÉi£5^^ °* Karen 23, ». 
«tea ooaploted the liquifiednatural fte plant under ©eiiitruotioa at r*raa 
'•t areteii expocted to double aorld eapeeity. 

Coaparod to Ibe above 'reaerve' poteatiele aad poaeible output i Aeaand 
.• for doaootio ooaeuaptloa 4t petrol eu« producta, eetiaated ot about 1.35 

1. 

1 
4 

¿V 

I 

I 

.v, 

'*<-• 

•mioa tons la I960 (too Tablé 10), lo relatively, iaoHalfioaat.   la other 
,. «orte, Libya tea at ito ¿opte»! i»^»*»»* «« «atoriaie for looal uto and       f 

«abort la, teta orado and procceeed ooadltloa.   Income (from orudo oil aloao), j 
>" «alte .telfxpocled to roach ^ «tUloa por yaar la 1975. U ¿factor that 

amy te ¿«00*00 to play a teojjiv« role in the lattor, that it, partial "J 
end/or total looal proceaalnf of pari of tho crudo oil end natural caa latoj « 
Utoraadiatoo aad ftalahod producta for export. 

'   'ClÄÄEal ' ••'"•.•••.*•''•• .'i...-:'" t. Y   '       *l¡ 
/'  ;tte known Aiforlaa orudo oil reeonre of over 1,200 attlioa •   ia eeooad 
te ttet of .Libya,   «a rogarte sturai au, thé eUpatiea lo rèvereod with,      , 
Algerian coo recorve ti 2,300,000 Billion a3 * compared to that of Libya'e 
420,0¿0ailUo^ a3.   It ia ia fact aaoaf tho largeet roeervee ia tho world. 

•it 
.»j».*. 

!*3 

1/    Information of thit naturo for tho Rorth African Oountriee waa drawn   • ;,, 
J •. aaialy froa ^i*ti¿»» diia jnduotrico p6trollaro ot ohiaiquo daaaja 

aoaa-rdtioa Afriojuo du nord, CE&, 19637 «L 
¡/    3,000,000 aillioa a3 aooordiag to World Potrolouit Vol. 39. »o»2t »•»•1^3« 

«.'•*;>**;* 

/•• 

.•j 
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Crucia oil production in. Algeria otarted at a rato of 10,000 tons por 

yoar in 1957. Until 1963, whan it was overtaken by Libya, Algeria usod 

to be the loading producer in Africa. Its output in 1967, of about 

45Virion n3, was 45 'per cent of that of Libva. As regards natural gas, 

however, Algeria leads in tho production of commorcial gas (810 million m 

in 1^6VT and 2,200 million m
3 in 1967). 

Figures for 1967 axports are not availabla, but I966 figuroe of 33.4 

million m3 crude oil and 1.3 million liquified gas do indicato the magnitudo 

of oxports. Franco and tho U.K. aro tho major importers. It is oxpoctod 

that export requirements will increase from 1,850 million m in 1971/1972 

to 4,200 in 1975/1976J/ «• .'. 

As may be expectod, inoomo fro» hydrocarbons and its contribution to 

natavtf income is not a» highly significant as in Libya. Including the 

benefits accruing to Sonatrach, the state,company, 19*7 iaoorae aámounted 

t© approxismtely t! 220 million. 

•ìlio future of hydrocarbons in Algeria, as in any oountry» is dependent 

on future discover!as. Prom present indications crude oil and natural gas 

reserves are expected to reach 1,300 «ad 2,500,000 million «3 respectively. 

M stria, in spite of its load in natural gas reserves, is expocted to nave 

output substantially lower than either the UAR or Libya. 

A major part of this output is expected to find its outlet through 

' tho liquefaction unit reaching a eapfxoity of 4,500 million m per year in 

1975. The plant which will be located at Skikda will bo built unit by 

unit. 

In comparison to production, domestic production of refined products 

is small and is expected tof increase from about 3 por cent in 1965 to 4.5 P» 

cent in 1975. This, in othor words, moans export of over 95 per cent of the 

crude oil output. Prom plans undor study, a snail part of this is expected 

to be processod into basic and intormodiate petrochemicals, mainly for export. 

1/ Sourcoi World Petroleum« Juno 196Ô. 

tv: 
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Nigeria :S •• 

Nigeria po««o««ee «ignifioant proved reeervee of hydrooorbonei 200 

ailUonm*drortdo oil ,and 280,000 millionm3<£natural get. 
.      Crads oil production itartod in. 1957 in Nigeria.. Bocauee of situation» 
ia the oouatry, 1967 output of oil ha* boon dra«tioally reduced.    About 65 
pop oent of the crudo output being from ©ait of tho Niger River wa« under 
•eceeoioniet "Biafran" territory and no oxport hae boon effected for quite 
•ome tine «ino* July 7, 1967.   Proviou« year« production figuro« of 13.5 < 
million tone in I965 and 20.7 million toa» in 1966, that i« an increase 
of 54 per cent, give indication« df what eould have happened ia 1967 had \i 
not boon for the crisis in the country.   Paro» production trends obaorved so 
far, it 1» expeotod that 1969 output will «woe* prewar level«.   Aeeordiag.- 
to Petroleum Timot^, Nigeria ©rude output ia expeotod to bit the one millioa 

b/é aar* approximately 60 millioa t? ?©* 'w* ia 1*70. 
v  Ae regarde expert, »gerla ia already the world«« teeth largest «**» 

oil exporter.    It« 1966 export« amounted to 19 million toa«.    Countrie« of* \ 
'destination weret tho U.K. (39 A Hderai Republic of Oeramay (1$)t Praace 
(te^S), Canada (tf) aad Argeatiaa W);.   It; it had not beea for the oriei», 

•oil revenue from royal tie« would Uav« aáouated.to 556 «iUioa ia 1967.   Î» 
1965, oil«« contribution to total expert« was 25 per ©eat.   Tai« iaereaaed to 
B f«r oemt in 1966» thereby indicating tho growla* iraportaaoe of oil to 

Nigeria. 
, J      Domo«tic requirement for orude i« relatively «anali. .* Of the 20.7 aittiem 
toa« produoed ia 1967 only about 1 million tea« were vm& aa t—A for the 

ideal refinery. 

The ÜáR, uatil recently, had aot be« ©oaaidered aa importaa* oil 
producing ©oufttry.   Beoauaa of recent dUeoverie«, it« future outlook to 

Might*   Crude'oil reserve* are expeotod to iaerea»« fro« 95 »iUion a  ia 
1965 to about 700 million m3ia 19QO.   Tho ©orwpoadiag figure« for natural 

gai ara H, 150 aad 400,000 million mV 'it.. 

V  7 t 

if    oourcot   Petroleum Time«. 21 July.19?î. 

'.'•:     -    •  *  ' ' 
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The importance of the abovo reBorvQB is to bo reflected in tho 

corresporiing increases in production over 1967:    r. fourfold incroaeo to 

40 million m3 crudo oil in 1973^, tenfold to 20,000 million m3.gas in 

I9BO.    Unlike in tho other countries dealt with so far,  both reserves and 

production of hydrocarbons are expected to increaao steadily up to I98O. 

Pro« import/export statistics of the first half « of this decade it 

appears that the U\H has boon a not importer of crude oil to the tuno of 

1 to 2 million tons per year.    With the .new discoveries and exploitation 

of some, that is, snarp increase in production to 12 million tons^ in ^^6bJ 

and the estimated 15 million tons in 1?^ the situation must have rovorsed 

as early as I968, making tho UAR a net exporter. •   r 

Angola 
CrodTresorves, including those of tho rich cabinda doposits roceatly 

discovered, are estimated at 300 million tons.-2' The Cabinda cruda is of 

very low sulphur content with avorago API gravity of 26° (shallow reservoirs) 

and 36o (deeper reservoirs containing lighter, waxy oil). 

Craie production, which started in 1956, expended rapidly from 67tOOO 

tons in 1960 to over 900,000 tons in I964. Duo to declining output of the 

Tobias field this fell to 639*000 tons in 1966. As a result, there were 

no exports of crude in I966, all of the abovo production being consumad by 

tho local refinery. Offshore etrikos in the Cabinda area and other places 

arc expected, hpwevar, to reverse tho downward trend. Production of 7.5 

Billion tons (150,000 b/d) is the Cabinda field target by the end of 1970. 

The feasibility of producing petrol from tho vory large deposits of 

tar sands has bean under investigation since tho beginning of 1967*    This 

.investigation seems to have shown promise as Portugal already has plans to 

set up a pilot plant of up to 100,000 tons per annum of tar sands.* ' - 

\j     Sonrcei   ttarehée Tropicaux ot Méditerranéens, 24 août I968. 

2/     Sonreei   Marchés Tropicaux et Méditerranéens,    4 Janvier, I969. 

%/     Sonroeî   International Pinanoial News Survey^ Vol. XIX, No. J6» 
'>• u       Sept. "15, 1967. 
g     Sourest   World Petroleum, Vol.  38, No.  12, Hev. I967 and Vol. 19» 

No. 2, í'ob.   """" 
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Crudo oil reeorvee oro not known. Eetimatos suggostod 150 million tons 
> • ... 

in 1967. Information regarding naturiti gas is ovon loss compi oto as t'ho 

BOMUMOoiatod g&s situation has, so far, not boon tho subject of detail od 

study. However, oxoluding tho Comba fi old, rosorves have been estimated at 

3f000 million ra3. ' 

Gabon was among tho first African countries "to produoo oil. It stortoci 

production in 1957 with output of 173,COO tons. During the 196O-63 period, 

output averagod about 800,000 tons and steadily increased thoroafter to 1.4$ 

mUllon tons in 1966. This inersased further to 3*5 million tons in 1967 

Mi was oxpooted to reach the 5 million ton nark in 1968 and 9 million tens 

U 1970.-' As regards natural gat, i960 associated gas output of 7.5 sdii» 

is3 rote to II.5 million n3 in 1966 showing a steady increase throughout the 

period. These represent quantities put to use for olaotrio generation in 

•ert-Oeatil. The totals oxelude gas flared in the field, ostinated at about 

79 «tillen mr in 1941. Total output is expected to increase to 220 million 

V 1*19?©.^ 
Bamings fro« potroloum aooounted for 15*5 P*r ©•»* of total exporti in 

19«. ; Am export of M sdllion tens, put crude oil as tho third export i torn 

of importance after wood and manganese. With the vxpeeted sharp increase in 

output the future ef crude oil is on the bright side. It nay bo anticipated 

.that slues oil will oooupy first plaoe as an expert item toward tho close ef 

Tuslsli ,; 

fne prespeot for hydroearbon reeouroes in Tunisi« is relatively modest. 
in 19I7 «sountsd te 48 mille* w? of crude eil and about 100 «dille» 

•J of gas.   If exploited at tho 1967 (2*2 million m3 crude) and 19*3 (1.4 
million «3 §as) ratei, those will last for 20 and 12 years respoetively.   U 
ta*? are not augaonted substantially by new discoveries, tho prospects for 

resources ars evidently not onoouraging. 

y    touroet   Ullttin de l'lfricm<moir«. Mo. 423, 22 juin I9W. 

V~..' 
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Up to, and including 1966, Tunisia used to import part of hor orude 

requirement. Since 1967 it has beoome ft net exporter. In faot, all 1967 

refinery retirements were mot from domestic sourco. During .the first 

half of 1968 production roso sharply to about 1.5 million tons. This 

compares with about 1.0 million for the samo period in the previous ypar. 

Income from crude oxport is modest, a more i*3 million in 1967. 

Together with royalty from the SI Borma oil field this còme to a total 

of 57 million. • • '' 

Koroeoo 
Of all the Horth Afriean countries producing hydrooarboni, Morooeo ti 

so far tho leait fortunato in ©uch r©s9uro©i. 1964 *©i©*v©a of ewiâ©, 

amounting to 48&»000 tons, dwindiod to 185,000 tons by 1967. Ai rifarte 

^natural gaa, Koroooo with its 500-559 «illion m3 roiorv© appear© to bo 

in a bottor position than Tunisia. 

Produetloa of ©rade- has boon falling itaadily sine© 19*3 to 

1îO»OQ0 a3 ia 1967. OB th« avoraf© it ropres©nts about 10 par eeat @f tfc© 

domostio demand. Th« itory regarding natural gas ii $m% tho oppoiit©. 

Output rose fro» 7.5 to ev©r 11 «illion a3 ia tho 1962-1967 ©•H.©*'. 

- As for tho futur© what was said concerning Tunisia applies to Mèro©©© 

«vea «or©. Baiali oapioration gives positiva roiulti within the aoar futura» 

Koroooo*• future ia th© field of petroleum and natural gas, tho former In 

particular, li dismal. 

Cwj^jBrea^viUo) 
Hydrooarbon resouroos art boooming of lui sigaifioaae© ia Congo 

(a*a«aaville).   Output foil fro» 113,000 toaa 4a 1962 to 62,000 toa© la 
tf¿.   Ta© reason for ta© downward tr©ad of productlea ii ta© small PoAat© 
Indienne aar©pl©aiih©á reserve whiea in 1967 ©toed at 1 million a   erai©»^ 
Ve fa© hai b©oa oa^loitod up to 1967.   Ta© potaah aia© at Hollo ia m¡m*m 
to have started using gas in 1f©7/6&,   Coaaaaptioa is foroaoaa at 30 aillion 
a3 por yaar.   Tho rossrve of suitablo gai ii ©itiaatod at 400 sdllion a . 

1 ¡, 

tf    Sourcet   WfWf f1 *f*»•* ©VOatiiaaV. »o. 65* aott 1f6?; 

¡J! 
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From availablo information tho crude oil situation in Hoaambiquo it not 
òloar.   Regarding natural gas iti orí8tonco can bo ïnfarrod from roports 
that it took Gulf Oil about ono yoer ( 1966) to oontrol high protsura gas 
blowout with a flow rate of at high at 10 Million f oot3/d.-*    It it rtportod 
that oalls for bids were to have boon mads in Soptonbtr 1966 for tho con- ' 
itruotion of a gat pipeline fro» Hoombo to tho Ropublio of South Africa, 
a diatenoo of 350 km. , 

Ih another development it apoeare that tono kind of hydrocarbon resource 
from which futi for automobile (which has been given the noe» "Aniline") 
oan be ertraotod hat boon discovered in Kotasibiquo^.   As is the onto with 
the pipeline projoot, the fate of this dovelopaont it sot known. 

Ottior eountriot     ' • '' ' •• J r\.. •     :'.;.-,,•••    ' 
In 1965» a gat fiad wat node in Spanish Host Africn noer the Kauri tanian 

border.   It it expocted to yield 300,000 ft.* or 9,000 a3 per day.   In ita 
firtt five year plan (1^66-1970),. Chad hat emvitagod drilling in the area 
north of Lako Chad where the osi tt enee of got it known,   Traooe of oil hove 
been dieoovered in tho Volta Region in Ghana.   Drilling startod in October 
1946, but it teomt that it wat ditoontSeuod in April I966.   An of f-thoro oil 
find la Dahomoy resulte in flow ratet at high at 1440 b/d.   Dieoovorios of 

indications of oil and gat depotitt haw« bean reported la western 
and as a retuit tho prospect of tho oil industry in that oountry it 

taid to bo good«   Thart it alroady a known retorve of 430 million a3 gat.   In 
lower Congo (Democratic Republic), adjacent to tho,rich Cabindn finde, an oil 
«¿Petit oapablo of produoing 500,000 tout per year it reportod to have been 
ütoovered.   It thould be notod hero that about threo-fiftha, or 34 taltioa 
a3 eaprsssod in pure attbaa cooponont of tho Lako Kivu gat, any be oontidorod 
at bolonging to Congo (Démocratie R»publio) aad tho root, 23 sdllioa a3, to 
sbanda.   There hot been ropwts of a natural gat fiad, although not in 
commercial quantitios, in tho Ropublio of Somali. 

1/    •*»*«•«   {ggggSlJgp» Hay 13, 1966, Herid Petrel ou«. Toi. », »o. 2, 

g    Scuroet   Marchés Tropicaux ot mditorronéent. lo. 1136. 19 août I967. 

'*»• 
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From the above, It Is clear that most of the eountries with known 

potential for joining the ranks of oil producers arc on the Atlantic 

nido.    TU-.t this is so ir. confirm "id by authoritative atatomenta from 

organizations  in the petroleum field.    According to Gulf,   for instance 

"...  it now ho/Tins to appear that  the sedimentary basins lying along tho 

Most African coast arc exceptionally promising for oil  exploration".    In 

tho words of ^orld Petroleum "from now on there will bo *West African Oil», 

aß woll as Middle ^aat, Carriboan, North African and rádonesian".    The low 

Bulphur content of tho «West African Oil«, whoso 1970 production" forocast 

is 1 million b/d, is expected to give West Africa a corapotitlvo advantage 

in the oil business.-' 
In general,  the interest shown by so many oil companies,  tho numerous 

licences to prospect for oil acquired by them and the amount of work and- 

money that has already gono into and is still going into exploration in 

most countries in Africa testify to the futuro notential of the region in 

! hydrocarbons as raw materials for: petrochemicals as well as export itea*. 

Before closing this chapter reforonco should be made to Table <?.    I» 

* this tabic, past and futuro estimated consumption of petroleum products is 

comparod with refinery capacities.    The,J965* 1970 capacities relate to thoso 

existing and anticipated to bo in operation before th* close of this decade. 

;,At the moment thoro is over capacity in the established rpf inori os in eaoh of 

the sub-regi cms. c. 
.As capacity utilisation maybe expected to satisfy increaeed domand in 

tho early 1970»s,ino major increases are foreseen in 1970-1975.    In fr-o*» 

only a few. countries (Algóri»! thCrUAB, Nigeria, Stttopia and Tansania) ars 

expected to raise thoir capacities during this period.    In contrast tha 

1975-19ÖQ period is expected: to. witness a surge in capacity increase. 

A  the iwpileiasntatioa of additional capacities planned or envisaged by tho 

countries and thoso suggested* by other studios, including^ those suggested 

hors on the basis of donand forecasts, would bo able to moot with a good 

part of %ho.^trol cm* products roquircratmts-for the devolopmontf of the petro- 

ohomical industry in tho region. .     h 

%J    Sourest    World Patroloure. Vol. 38, »0. 12, Novombor 1967. 



o 
•f* 

I2/WG.34/4.Hev.1 
Pa«e   35 

«A 888888 
r~-| ""Sfr T- m r- r- ^ i/"> 

&888 
I    I VO 0\%tO   I    I 88R      8 l uSvo co  i   i o\ 

%f <p- 

_ •   •   • 
Os .    •    • 

¿ 
0\ 

8888S88 
*í      «"•       *- 

£888        888      R i   i «vv5 r-öS i   i   Ií^IíM   it- 

I !    I ' 
tí   IS      8888888 iÍSiSf*-&\i  i   i§5>&i   it* 

fc 

.ir* 

• • • • 
• • « • 

iiii 

• • • • 
* • • • 

# » * * 
• * * # 

• » • •      i 
». » « »      i 

•. ». « * 

I   j 

;    1 

i V lì 
IHMlriiflllliiIJ 

P 

ti' 
fi u!ö e o o 

MMÜiaÉIHHÉÉII 



ID/fcC.34/4.Rev.1 
Page    36 

,.» 

K3. 

m 

I 

^iSÄ   < 

u 
o ?> 

SS n 

S" 
3 
l 
P 

fr 

J? vo »1 vu 
.     ON O  —3 

co g o 

fi s« p a bo? 
r> *-J «f p 
H-  O  O   -» 

íJ o w c-j 
fe 2 8 ° 
O   É   o  o 
M   3   t->   Ê 

0   H«  »>»• 1 

M   ¡ 

i. 
2  I 

.O !ct-¡H'   1 

¡3 ¡Ê i<>    1 

o 
I 

9)        H« 

¡L    °\ 
8 

i» 

o 
18 

_.    0! 

£8 ss 
ty a       m 

.*• 1^ iE   • 

.   ,ta Ira   1 

§r;^ !flSi?.; 8>SSS8a«8>SS1S8   ,   •.' ' 

I 
•»> -* ^ 

p    •« 

O   » 

!&¡ b 
,m ,ü ,*i   I 

M1 
8 So Mai* 1« 

*:W ! 
.g ¡31,. > 

Ha.« I 

sí Q>$ 

|&4 i 

8SW8*88888>S8 • t • • 

» • • 
• » • 

Stili Sog       111 
O O O O Q O 

tiltil! 

I    I  © I   I   t   I 
;•   • i * ' 

• t   •   • 

t   i 5 I t t  I 
• »  • 
• •  « 

} 

fi 



'••-.,   . 

FACTORS INHIBITING PETROCIEíIICAL D3V3L0PM2!T 

Tho potrochcmical industry,   or fox- i'rr.t mattor any industry, :,.--:ùi\ 

oertain conditions for ite establishment.    Availability of raw rv.L.•••vials,   i'. ,1 _ 

power, water,.good traiv.pcx't n^t-work,. trciincd rr-.n^rv-jcr and irr.r-k'-t .-T:  -"-rr 

such pro-condi~ion3.    Tho fi.r3t two have already boon doait *.?il'ì r.ù-.qi; .'.;,,•. 

Thoy have boon found to bo in favour of potrochor.ii:¡al dcvclcnno.it in Af-ic-.. 

Slectric power - In many petrochemical and.related indivj!;ricu olor.'.: ic ;,CX.Cï 

represents a relatively big item in tha coct of production.   Alilia^u   ; ..• 

prosent clootrin power situation in many African countrioa ¡,ny r.o\ ho «ati¿- 

fnotory the potential for .its development- with Africa poßcoßsini; ovor 3C- 

••"por cent of tho vrorld hydro-oloctric potential - IK tro'.uûomïous,    Piujuotn 

• already realised and those under construction and planning ra?,y, in conerai, 

_ be oxpeoted to play a major rolo in promoting petrochemical indu.';;v.v-'.0T *n tjio 

nocir futuro. 

With tho; oxcoption of tho UAH and !?i,p>ria, howovor, actual ar»i potential 

hydro-power availability is outeido of the prosont  oil prodr.c5ii¿; count ri 03, 

This should, nevertheless, not be a deterrent to oxuitr? na V'xo Li Vf   2nd 

Algeria «hero eloctrloity cduld possibly ba producaci by <¿a& fueled {ptv-Vntion 

at a cost notrucfc higher than that possible fr3m n hyàro--p-j-'?."^ rinnt. 

Hater - The situation regarding viator is similar to that cf Uvary-j-owor, 

Water is not as plentiful in certain of tho oil prodM^nf; coiuv'.; io*,.,    Ti is, 

hovovor., unlikely that it will turn out to bo a-major ooral: ".int. 

Ooodtransport net-work - Historically, transport facilities vo v.» ce.'.gi-sally 

developed in Africa mainly for tho purpose of facili taxiììs the raov<uront of 

.goods fro© the hinterland to tho ports.   They *corot In other vc-rue, net néant 

%© link nel$ibouring countries.    As a result there were and etili are a nur.bcr 

of gaps in transport links between many African oountricj*.    ^.cCGatatly, 

transport costs figure relatively high in tho sala¡a valúo of goods, 

. Reali s5.ng this problem, many countries have given priority to the 

development of those modos of transport systems l»o«it fittod for tra-différent 

arsa«,    ïkeistinfj transport systems and port facilities aro being improvod 

and oxpa;dod and now onos aro Seing opened,'   Tho estent to *hi?h this rate of 

progress will permit eoping fully and «efficiently **ith the fa «uro transport 

*# • ¿I 
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demand romains to bo eocn.    In this connexion it ßhould bo noted hero 

that tho RCA,  through its Transport and-Communications Section of the 
Katural Roeourcos and Transport Division,  has boon nctivo in preparing 

studios designed to promote sub-rogional harmonization of transport 

facilities.    It is hoped that thu implementation of «von part of these 
studios wi'il solve a good number of. the problems existing today. 

Trained manpower », Lack of trained manpower is characteristic in Africa. 

This is especially so as regards tho capi tal-intensive and high7 call bre 

monpowor orient ed indus trie» such as potrochomicals. 

ïfèny 0* tho so-called ohemicaí prooeea industri os, in existence in 

a numbor of African countrio«,• depend on highly paid «spatriato. specialists 
for skilled feoff.   As a rooult, although r aproe onting a small fraction of 

production costs in »oet ohomicnl processus, the absoluto ma^itudo of the 

labour oost ooapensnt in tho cost of production is higher than- that in an    . 

industrialised country.   This situation, coupled with the uncertainty ae to 

thé future availability of expatriates in required mimborsi may bo expected 

to be more sorioue with tho siero complex industrias of which tho potro- 
ehomieal cetablishmantd aro prcir.inc.nt. 

SCA is vory much concerned about requirements of critical lEannavor noodr, 

for development.    Its Iîarspowar and Training Section of tho Human Ro0cxtrcec.   • 

Development Division lien nlroady draw up its 19<S9~19?3 proposed prograriio 

of work and priori ties in tho field of hunan resources dovei oi-nont.    Through 

it» Working Party rnd other committeoa, and through-organizod seminars and 

training arrangements, it ie «mooted thai'thor Section will contributo 
appreciably to the solution of tho problem. 

Hie SCA approach should and will bo «upploaioatod by other «eon».    In 

tho contract between r. developing country or an organi sat ion roproeoniing 

i^ and the. contractor regarding tho setting up of an invetriai ©e+aelish- 

ment, it has, for instanco, bocoraa customary to stipulate the training ot 

nationals by tho contracter abroad and on tho job at h©»e.   The <f ormor takes 

place during tho period botwoom signing of the contract' and the «tart up of- 

tho plant and concoma itself with managcsMmt and technical aid relatively 

high-ski Hod poreonnol.   i*ho latter, eoneorning nsainly with tho siart-uo of 
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operation, doale with all personnel,  but mainly with skill oc 

end tho like.    This can boBt bo dono if, nn 1« usually tho woo,  ihc cc^r o 
ip given a management contract for a fow years. 

Tho above approach, applying to nrivrato busing (both loc^l. ,.îlt:  f. ,v.- 
anda contractor is A' practical: ehort-torm solution'  to tho cherta^ en    iv'-'n 

.  manpower.    Availability öf quallfiod poopia for training iG ,-». proraoui^L, 

. tolte success. • The priority given  la education »id tho enphaois towr.va * 
¿oohnical. education by African governments wiif ensure availaKHh- ;rr „„  
reiouroes for training; 

••;". ^*2l : **<*> «nòne tha factors which, may hinder or retard the establish^ 

of oUanical industrie«, tho limited "siEO of tho »arfcot in Ri,Mot all awm 

eountries appear« to be tho mo3t crucial.    Prtwat,  cr for thai „aUr^ f„rc- 

,  •ooabie demand'for chemicals in individual countrios doosWt juoiify thoir 

.^production <m a country basis.    Thi, i. true with manv ohemicals „id partJc- 
• ula?ly so with potroohawitjals. " :   ' ;.. 

r      '   The solution for thfc Hmitod aukot and its undeairt.blo consequences on 
O.tM develepmont of industrias sonsitivc to eeonorráoii of scale bvidoritlv 

lio. in enlarging tho markot.    «Phi* can bo fen* V bringing coltri«, into 

MltlBAtioBta and sub-regional •grouping..    7or 4 number of y varo the -jC\M.rs 

b#oa advocating this approach - pooling of demotic narkots.    In fact, ita 

•'; Parammo of work and aotiviUo. is based on and geared to this awoaoh 

«Weir roughly divides the intendant countries   of Africa into four sub- 

...ncte*!' North, Host, Central and >.t.    Within tho sub-rogionr.l fmacwsrk, 

|««o«o«iic grouping aro in a «Uto of. e^rgsne*. -These groamos incluí, th' 

f?^«b Permanent Consultativa Committee in Worth, tho Organisation of tho 

*.**gal River Bwin Countrios in West,  the UFÌAC in Contm) and th3.*.t 

Affiena bonomie Comuni tv ia  ¿st Africa. x Ouoh .«rouging» could servo as 
nuclei for the UCA approach. 

;.*.      TJ*o pro-feasibility studies carried out by the Industry and Housing 

evitica oí the Wk on industrial potsiMlltlee in Africa hav* identified 

#i*ojfc*s feasible on national, multinational,, sub-regional a»d'intor-sub- 

i^enal soalea.   As ray bo expected, tho pa$*oh«ileal-«éotorhao been 

found to make SORS sonso in tho last two.    In other words, .the development 
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of certain products in tho potrochoroical fiold havo boon found justifiable 

on a 3Ub-rcgional and intor-ßub-rcffinnn.1 lovol. 

'    Having identified tin industrial possibilities;  tho noxt stage would 

bo to promota their implementation. ' This will require tho establishment 

of installations and serviess such as machinery for sub-regional co- 

operation (administrative secretariats of tho sub-rce?onal'economic ¡ 

communities), multi-national institutos for industrial research and 

standardization and industrial promotion contros.(IPC's)  to function as 

part of tho administrativo machinery.   .A good stari has already boon made 

in thoso aro&s. 
Tho'cliaracteristios of softs basic chemical industries "to be located 

near tho' sour cae of tho major inputs ¡ 'bspocially raw materials end in 

"certain casos friáis and öloctriö'e'ftorßy,  is a factor "that oould greatly 

hblp solvo tho limitad market pròbi an'.    Ammonia, ethyl one and phosphoric 

acid aro examples of this.   =Boöause of economi OB of scalo, thó establish- 

ment of thoso and similar industri os mainly for export purpoeoe will bonofit 

"both tho country housing tho industri and its noiebbouri**    Part of tho basic 

and intermediato chemicals could bo converged to somi-ftnishód-or consumar 

goods on the »pot, to satisfy .tho mt\ltinational or sub-regional-'roquira- 

mont of tho aree, at lower cost' than would* be tho oaao if the basic and 

intermediate chemicals wore to bo manufactured for local uso only. 

Another solution to tho limitée siée of the markot HUB in the tende 

of machinery and equi pmerit manufacturers,    with rooea-ê •à t .ture technol- 

ogical break-throughs, ihey should surely be in a position to innovato 

,|| simulo eoonoraio&l processes end techniques tö manufacture in .He small 

volumes having rolev&nc© to local conditions in developing countries;    Small 

turnkey ammonia vn'its reportedly availablo, ratei-formaidehyde" from methanol 

units (2000 tons capacity costing *4O0,OOQ) developed by a French company 

(Protox)^ and now moro economi oal tochniqiioe under development are exompl os. 

Otters'are controlled pyrolysis of mothinc f of tho production of aeatylone 

* •     (-»onaid P. Othmor of PolyteehnföInttittlto of IPooklyn), nuidisédübod. 

m 
\]    Sourooi   Chemical Jn^noj¿iflgt ^üy 9^ 1f^. 
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thorreal* or-icking of crudo oil for ethylene (Univ. of Tokyo) and tho ,-cr 

for sulphuric acid from eypoum. These aro but a few indications of th. 

presont and near torm poteiulitios in favour of developing nations, > n; 

those, endowod with abundant hydrocarbon and other raw materiali*. 

ThO development of small-scale units could bo eupplor.ontod by multi- 

purposas plants which aro capable of producing various products whonc pr.-vvr- 

tions can be varied relatively easily and at will accordine to market cm- 

,    dition«,.    Such plants can and should, bo connoti tivo with lrr^c unitr¿ dobié;r;-:. 

'M!ífe %£$*?&$*• Mf »or ft" Ïi«|it9à numbor of products.   Th^y can, therefore, satisfy 
r-r    mçiÎC<?AUoas pra^iilinc iß doveiopitíg countries.    Polymers'»re r.monc 

,       ; jitdrtsWrtffi 'that ©ah bo made a multi-purposo plant.-1/    Production" of polymère 

fr^ iiró^teíTor locai menomerò could sorvo as a irooà start in tho dovolop- 

^fïîmni & petrochtìmical" Ìr4ustri03 in a number of developing countries.   As 

'tú. approach has a nu»bor of advantages, including tho possibility for back- 

ward inioffration at n lattor stago, its significance to dovclcpir- countries 

is,-obvious. 
it. is possible that tho multi-purposo plant oencopt can be extended to 

apply to a oornbination of similar proeossos taiiod on tho pan.c cr similar row 

oaterials.    Methane! can,  for oxamplo, bo produced in an airaor-ic: fvjiiity 

inooiiperating certain «nodi fi cations.    It is therefore, clear that eorw "of fort 

m% the pF«rt of capital goods manufacturers alone tho above- lines can r.ivo 

.     mm? of the problems related to plant sise facing developing countries in 

tho. development of petroehomicr.l industrias. 
fa© noed for and acceptability of small-sealo manufacturing unito by 

,4«V«lopin« countries »ay bo oxsmplifisd by theDianor technology for ethylon- 

*$©fiiUy dovolopad.    ¿lthcush this now method of producine dilute ohtyleno 

fr«a ^^hydrocarbon capable« of being oraokod in a tubular f-.uwftc 1rs nn 

bcom tried yet on c. iar^o sealy, a numbur öf oountrios ha%-= already oxprosftud 

iatorost.   Moroceo has itone to the extent of having preliminar-/ doeisn •dar- 

takon on its behalf,& • 

J/     Sour co:   Chemieal and 3i*^oerina 1mm, November 30,  19^4» 

j/     Seureet   Ch-asloal. ^nginggr^t April 22,  19^8. 
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Bvòn with all thoso àuggoetoà remodi os, Bomo petrochemical plants to 

bo established in Jifricn may hot bo in a position to competo with tho 

giant units of 200,000, 500,000 or possibly higher capacities in tho 

industrializad countrios.    Protection from outsiib competition r'.ppo.rs 

to bo the answer.    Unióse this- is dono- tho development of tho potrochomioal 
•industry in Afrioa wiü hayo to'wait until consumption approaches tho 

capacity of économie sizo plants by industrialised countries* standards. 

This will ,tako a very long timo/and who knows that history will not 

repeat itself, %     •, , 

t.i m--^ef9 * Tho sue'oè'ee of û potroohomjlcal venture dopends on the' 

oconoide uso of tho different producta resulti^ fro» bueic operations 

- V/such-A* cracking reforming and pyrolysis. In other ifords, Integration 

••••• -(beta vsytie&l end horizontal, c»g.}: the creation of a poopl-ox find its 

,-^l^liliorttoif industries) is a prerequisite to the development of.tho apvrs» 

'•;.• ahead oal industry i» a develop!»«: country,   Tho supporting industries, 

*    '   as understood here, refer t? hemvy baaio Inorganic ohcmical (acide,   . 

alkalies and othor compounds) as \*oll a« to thfHO ori anted toward tho 

production of consumer pott oohealeai soods. such as plastio rubbors and 

toxtilos. 
Only a few countries in Africa l^.vc seme of those supporting industries. 

This impliofl" th-at tho supporting industrie© woulâ have to bo oacpandod and 

developed in odmncö nod/or eenuurrontly with tho petiochemieal complex 

te eô established.   Those and other factors, such a» higher coot-of 

Machinery and oquipmont (duo to bt$i transport cost from pi AGO of origin 

to the site), high installation cotte (due* to tho nasd for expatriate 

•killed Inbotlr and specialists) ".nd prevision for one or »oro ancillary 

fcteility (electric power comieicioh or generation, water supply or purifica- 

tion, waste disposali etc.) are reflected in higher investment and production 

costs oemparod to those prevailing'in the industriali cod countries. 

In general, a number of the asevo constraints arc hopofully temporory 

ta »aturo. ' The establishment of supporting industrios is en the riso mid 

installano» ooMs will bo rodueod with the trainine of local labour, , 

especially «kills which should bo trained for tho purpose.    Too, ancillary 

:>    »i: 



ID/WO. 34/4 «Rev.! 
Page   43 

t 

facilities will bo expanded with timo through the establishment of industrial 

ostatos.    It should bo noted that thoso factors inhibiting the development of 

petrochemicals Will bo compensâtcdftrto some extent by abunúant and low-cost      j 

raw material^ fuol and power. 

BSÎTSLOPÎÎENT. POSSIBILITIES ( 
'" Tho estimates of some of the ond-products represent potential domand, 

in tho sonso that thoy aro supposod to moot consumption of potrochomical 

' products appearing in tho market as goods ontiroly mado from petrochemicals, 

AS goods incorporating other materials and as parts in machinery, equipment 

and vehicles.    In doveloninc countries,  processing of petrochemicals into 

end-products is limitod to applications of tho first two.    Tho extent of 

prodttetion of sophisticated goods varios from country to country.    A trond 

toward diversification is evident in existing establishments in Africa.   Tho 

plastic industries aro, for. instance, expanding thoir output by introducing 

now products that woro hitherto importad.    Textile mills aro turning out 

increasingly olaborate, locally wovon synthotic fabrics, both mixod or pure. 

Koro and moro tyro and rubber articles faotorios are being oxpandod and 

«stabilshod.    In short, diversification in the final stage of procossing 

potrochomioala is tho trond in Africa. 
It should bo noted, however, that booauso of small consumption, special" 

application, complicated prooosaing techniques, product mix, etc., cortnin 

final produc s will necessarily have to bo imported.    In other: words, no matter 

fee« fast diversification takes place, there will always bo need to import a . 

part of the finished goods demand in African countries. 
'    It is aot eaay to product to what oxtait this trond toward diversificati©« 

will proceed during the coming decade.    In oth«ar words, it is rather difficult 

to detarmino what part of tho potential demand will bo not from local produc- 

tion.   If the potreoaoBioal industry is to bo developed in Afrioa, howovor, 

it ia aoeaaaary to meko some asausrptions regarding proooasing of pnd-producta. 

There ara three alternative approaches that could bo usod in determining 

the aiao of manufacturing units to bo envisaged in tho dovolopment of the      # 

patroohoaioal industry.   Thoy have to do with dosign of units whose oapa- 

h Cr 
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• lice -.TO lese, greater than,  or equal to estimated domando.    Tho first 

•a obviously out of question.    Under normal  oireumstances,   tho second 

-iteroativc io the most practical  for xì~v plant ìP intended to cope with 

•»ncr-v-.-iia? demand for aomo year after the start of operation,     ftß full 

e.-", i t,y utilization is n  " practical lì. many instances,   the third altern- 

ative inplioe production loss than domano, 

To simplify th: approach whioh is already complicated,   tho third 

alternative has boon adopted in determining thy sj-aes of -manufacturing 

'mit::, proposed.    Carici ti es have in genoral,  therefore,  hocn designed to 

correspond to 1975 and 198O demande.    This of course does not moan that 

all the production units.will co into operation in these particular years. 

in +^o br,BiB  of the development of demand,  a majority of them arc expoctod 

it.-, ¿tart operation earlier and may rcaon -sheir nrocimun outputs in about 

1975 and I960.    This would, in effect, mean reverting to tho second altern- 

ative.    In short,  this approach seems to be reasonable, as it automatically 

rodüco-3 outputs to less than the estimated domande which in some oasoe aro 

considered potential demands. 

/Us is well known, the success of a petrochemical venture lios in the 

economic upgrading and utilization of co-products, of the lasic operations; 

cracking, reforming and pyrolysis.    Some attempt has been made to this 

effect in this oxoreiso.    In view of tho need to spread production facilities 

«jnong mombor States of each sub-region, however,  integration of facilities 

processing all' co- and/or by-products further to the extent desirable is not 

practicr.l.    Booauso of this and other factors, such as tho small, ,or in some 

casos unknown, doraand for certain of the products to bo derived, from tho ce~ 

or by-products, tho oxtont of integrated development had to bo limited. 

Although it is not tho intention of this exorcise to deal with tho 

relativo morite of tho difforont raw materials and processing tochniquos for 

tho production of the basic petrochemicals of interest to Africa, some 

mention of tho typos of foodstocka and processes seemingly suited to African 

conditions would bo in ordor. 
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! *ho »in Wie opération assuacd applicable for tho production of baslo 
ÏK^Njclio^enli.i« cracking.    The hydrocarbon input may vnry fro« country to 

comity raid'fro« sub-rogion to sub-rogion.    Tho choice of the feedstocks is 

dietatod by tho availability of raw materials and the typos and proportions 
of basic products noodod. 

In oountrios with natural gr.s resources, production of ethyl cno and 

propylene fron gas should bo proforrod.   Propano recoverable from natural   "  ' 

«as con bo eoasidored a fosdstock for atoasmoklag'.   Naphtha with or without 

rsfinory gas has boon assumed to bo a practical feedstock in those countries 

.«Men possess potrolousi rofiaoriee already largo onough or which aro oxpootea 

to incroa.o their capacities to levels which would yiold adequate naphtha 
fer oraoking, 

^JUfiaory butylono and aaphtha oro tho appropriato foodstooks for 

butadieno production,    as the for»er nay not be' availabìo in adeguato 

ausatiti es, extraction of butadieno fro« tho C.-eut of stoaaeraokiag of tho 

latto» for etmano production appears to be tho choico.   If scalo of produo- 
tie* justifies it, it is ohoapor than the butylono routa. 

la view of the advantages accruing from an intogratod approaoh, and tho 
fact that a relatively higher yiold is obtainable than from an aromatica unit 

ia a refinery, rocovory of areoatie« fro« tho ethyl one production by naphtha 

stsamcrocking has beta oavisagod wherever possible.   The* quantify of beasene 

3^. (arosRtie ia greatest demand) can be incroasod by tho incorporation of a 

Xi*«lk*laUo» uait ia tho aromatic« recovery facility thereby rodueing cracked 

• salino foodstoek.   fais ia turn moans loss naphtha foodstock te tho 
.oraakiag «alt» •• i. 

the abovo approaches to tho proéuetioa of basie products are goneral 

msVOStioaë.   For soae ro&son or another, such as lack of adequate foodstock, 

of the» eoa« possibly prove is^raotienl.   For the sake of convenience, 
w, tfcey aova boon assumed practical, and tho remaining port of tail 

•eetion whioh «sal« with specific proposals by tub-rogions and countries has 
„      ^_   . m ^^ sasaaptioa. 
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It is to bo noted that proposrvls for a number of alt ornativo 

combinations of production facilities .aro possible in oach sub-rogion. 

Tho onoa presentad bolo* wore, based, as much as available information 

permitted, on r. number oi factors.   Thcsä Includo'consumption centers, 
indicated proscnt end futuro availability bf raw katrrials, utilities 

«id infrastructure* and tho need for fair allocation of .the production 
tuilts among membor countrios. 

Npr^JlfVica -~ £.v. '• 

.^onerai introduction « In North Africa,; tho Unito*Arab Republic is tho 

only, country which now has somo units for pctrooÄicnl manufacturing. 

Thoy aro loeatod at Sues and have productive capatiti os of 15,000^ tout 

aromatice (bonzono, tolueno and xylono.j and 6,O0^tons dodocylbensene. 

Morocco and tho yrdted Arab Republic have pÌ»oct8 which aro exacted 
to start operation aftor 1970.    The Horocee projei, to.jbe located at 

Keaitny.*« envisaged for a 10,000 tons PVC eapaofty batod on othylent to 

bo produced locally or to ba imported.    Tho Unito* Arab *!opul»lie pro^oet, 

for .Alexandria, is rauch »oro compio*, with units for tho prodacUon of   " 

othylene, polyethylene, PVC, poiybutadiano, acrylics, nylon, siothaaol, 
phonol and acetone .    ••   . .. 

The above noted units and country ijrojeet. oannot satisfy .tho 

prospective demand., cither in term. ;of quantity or variety of produot..' 

Studies undertaken by tho ICA .howod further possibilities» for development 
of tho potrechomical soctor.    Additional'capacitif (in tho f cms of 0». 

tension, and new plant.), thorqforo, have .boon proposed by ,tho -3CA with a 

viow to making tho sub-rogion »ore «elf-sufficicnt in certain product, 
which see« to have posübilitio« for doveiopmont. 

MÌF«**ÌB - Comparison of potential conmoption with capacities of th. 
oountry projoot. and <XA propoli, «hows that demand for so«o potroenomienl. 

will bo mot (.ee Table 10).   PVC, Wyethylene, polybutadiaiio (fro« import« 

butadiene) and nylon eapeoitlei are either bighe* than or equal to dWad.. 

'J    l^waÄÄ?* U*la^ m 3V000 ^ons ^ obÉainaSl« fr« the 
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Although dcmcnd for ^lycstors and acrylics ~.rc hi,-h^ ti_   ...,__. 

propoaed cvpaciti.r. have been taken as ,uchs   invaso r.  ",.'r¡ ¡r"t,  -vi   . '" 
demand .will be imported in  tho form of furies.     ¿3 r-£^3 , . . .„.. _ J/ 

;   and insecticides, th,rc is  scopo for extension of existing unit^"-^  ~„ 

The determent unit capacity proposed for Alaria could moot -, irr^o -^¿^' 

; the î^hreb    d*nand up tc 1975.    Between 1975 raid IJÛC, a r.;w unit cf 
. 10,000 tons would have to be established in Norocco to satisfy tho d,ffi.rd 

_ for tho lehret countries,  excluding Algeria,    "ho United Arab ?iaoubl«e 

.. and tho Sudan requirement will bo met from tho cxtonofon envisaged for the 
existing United Arab Sopublic plant. 

ïblstlBff and proposed DDT and.aKC uniti aro too «moll to satisfy *hc 

estimated demands of tho .ub-region.   The doubling of tho DDT unit in th'- 

United Arab Republic to 5,200 ton. in 1980 and tho establishment of , mc 

Plant of 2,000 tons during tho 1970,1975 period (instoad of a' canity of 

1,300 tor* confuted by tho United Arab ncpublio), with provision for 
.extension to 4,000 ton» in 196O, will solvo tho supply noblem for both 

tho ÜAR and the Sudan.    As regards tho îïaghrob countries, thoro scoma to bo 

icopo for the sotting up of a DDT .unit of 2,500 tons and a BIIC unit of 11500 

ton capacities in 1575 in both Aporia and similar unit, in 1930 in Horace 

M production units have boon .envisaged for the remaining -end-products, 
«stl*ntt*. consumption of carbon black seems to offer scopo for loeni 

production.    On the basis of market and raw material availability, carbon 

^product, could be planned * toko th. following operational seance: 
20,000 ton. in 1970 (Libya) and 15,000'ton. in 1975 (Utt). ' Tho former is 

exacted to moot sub-regional demand initially but to bo limitad te tho 
Maghreb market eventually. 

3/ 

• 2/ 

lì n£ SSLSTÏlliB*t? ^«loP** oountpia« recorta, hard dotorgort. 
ttmTîo £»f  rt° îï"i,2't ",olf ln ao,< ítTim* «»»tria, for ¿Z 
^,\'^; „ÍÍiJ?"?^0' "i*"1" that if i»4»otioa of tard ûotor- 

th. &Ät£5a*Ää.?£ ^«>»to ^Ucldc. for 
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Tho reason given for not proposing an SBR unit was that a capacity of 

40,000 tons, which, incidentally, corresponds to the 19Ö0 estimated SBR share 

in tho total synthotic rubbor demand, would not bo economical on the basis of • 

30,000 tons butadieno and import of 10,000 tons styronc.-^    Demands and. 

consequently, possible capacities for thc30 monomers could bo raisod to tako 

into account requirements for polybutadione and polystyrene.    On tho basis of 

198O cstimatos, totrvl requirements for butadionj and styronowork out to 

38,000 tons (25,000 •. 13,000) and 20,500 tons "(8,000 + 12,500) rospoctivoly. 

In othcr^words, sinco tho conclusion reached not to produco S3R locally did nc 

tako into account, tho possibility for on intogratod approach, it should bo 

rovi sod in the light of this concept.    Por tho purpose- cf this study, this 

approach (provided enough butano or other feedstock is availabio), is ossumoá 

to bo workablo and, t h oro fora, to bo usjod as such.   "It should bo noiod that 

capacities highor thin tho I98O üstiraated demands should bo orcctod to tako 

care of incroasod domand during. oarl,y 198.0» e. ' This may bo oxpeotod to rondo* 

the project moro viable.   Algorín ir attuned to houso this integrated compier. 

4s regaras butyl rubber, in view cf oompotitica oxpoctod from other typo* 

of rubber, its produotioa ia not crvîta-M in tri 3 study. 

Both urea» and ph mol-foraaldohyde demands may offer scope for production 

if integrated with a nitrogenous fertilizer plant producing urea and having 

provision for methanol mudo alternately in tho, ammonia unit.   Formaldehyde 

can bo produced in a od.ni-fer»naldehyde unit-/, developed to compote with big 

plants.   At processing requirement.; for tho final stage of resin making 

(oo-polymorination) it jirallftr for uroa-formaldehyde and phonol-formalc^hydo, 

both resins oan be «ado altoroatoty in the samo reactor.    This implies that a?.. 

batic and intermediato shofticalt oxcopt phenol oould bo produood in a complex 

integrated with a fertiliser plant. . It is therefore poseiblo that 7,000 ton   , 

urta-íformaldohySiiaí¡et7,00Cflön paonöl-TorSaldöh^ae units could be reftlitiocT 

in tho 1975-198O period; 

1/     Source»   Svoltttlon dps industrio* petroliero ot chimicrue dans la sous- 
region Afrigtto du nord. IF?, I968.   Those inputs aro on tho high sido. 
T*hoy have thoroforc, been roducod to 25,COO and 6,000 tens rospootivoly 
in this oxoroito. 

2/     Source»   Çh end cal Tnglnooring. July 29, 1968. 
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The 1980 ostimatod consumption of porchjorocthylono (6,200 tons) 

requires --bout 12,000 tons of carbon tetrachloride. The lattar is con- 

sidered to correspond to an economic size unit on the basis of either 

carbon disufchjdo or hydrocarbon (natural gas) raw materials. Provision 

f-r carbon tetrachloride for other purposes such ae fire extinguishing 

will, of course, render tho unit more economical. As carbon disulphido 

ioo.3 not come within the terms of reference of this study it has not 

ujen possible hero to proposo tho likely botter raw material baso for 

the production of both carbon totrachlorido and porchloroothylenc. Undo* 

tho circumstances it is suggested here that appropriate provision bo 

made when and if related projocts arc plarmod. 

'lonomorg - Monomer roquiromonts for polymer units aro presented in 

Tabic 10. Vinyl chloride and ethyl one capacities envisaged correspond 

well with the needed inputs for PVC and poly othyl one-making respectively. 

The possibility for tho production of styreno and butadieno is tiod 

up with tho intogratod styrono-polystyreno-butraionQ-SBR complex, ftroduo- 

tiv3 o&paöitios of 20,000 tons styrono and 38,000 tons butadieno (13,000 

tona of which is provision for-tho UAR poly-butadiene unit expected to 

operata on importod butadiono) would bo nocded for the complex. Thoic 

orppoitios have, therefore, boon anvieaged in this study. 

As ragards monomers for synthetic fibres, tho proposed extension of 

.r;e UAR acrylonitrile unit (5,200 tons) to'6,300 tons in I98O is expected 

+ 0 covor demand for acrylict of domostie origin. învisagod production of 

raprolacta» for nylon 6 is rclntivoly low, 22 and 55 por cent of 1975 ani 

19GO roquiromonts rcspoctivcly. Production units ara foreseen for Algeria 

(11,000 tons in I980) and tho UAH (4,000 tens in 1975 and ?,?C0 tons in 

19ß0). Tho polyaor units in tho rosainiag North Afri can countries ar* 

oxpootod to roly on imported caprclaotam. This «i tuet i on calls for 

integration with a viow to incroasing caprolactaa production in tho tufe- 

region. It sacos logical to roiso tho proposed capacity for Algosa it» 

cover roquironontt for all Maghrob countries and that of tho UAR for tes 

Sudan. , Tho now capacities are shown in Tabla 10. 

li 
It 
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Intoraodiato and basic orguilc ¿hqftjqals - Tho intermediato and basic chosdcal* 
inputs roquired in tho production of tho monoton, and ond-produote aru proso*^ 
od in Tablo 10.   tfhoy aro assumed to corrospond to the productivo capacities 
that «hould bo sot up in the sub-region. 

If these productivo capacities aro" to. bo realities, tho following 
approaches and moruros will havo to bo adopted: 

(a)^   Sxtonsien of tho planned UAH othylono capacity (35,000 

»1      *?$ t0 ttlw,lt 57,000 tons during tho 1975--19&0 poriod, 
and provision for additional production of ?,000 tons 

ethylene for styrono, for polystyrene ma 8B&itf'Algorift|- 

<b>    "*tonsion of thé UAR arosmtio unit (18,000 tons BTX) to 
produco sc*o 30,000 tons bonsono (19,000 tons of which will 
bo oonsuaed in tho UAR) and creation of a 25,000 ton 
bonsono capacity in Algoria basod on foodstook obtainablo 
,**©• tho Algerian and Heroeoan ethyl ono units in tho 1975. 

'     1f80portodt. Z;.^.  • r.. K   » 
i$i    ÄteMi»M|<P* of,a fui, unit of 15,400 tons in Algoria to 

_ . ©ever tho roquironifht of the pliait propesod for îiorocco. 
.    Bthylono glycol «ay have to bo Imported; 

(#)     extension of tho proposed Algorïàn propyl ono unit (19,600 
Um in 198O) to tho maximum possible production (23,000 
tons) te Boot newt of Horoocan roquiroaionts for dodoeyl- 
bonsono la t9C0* > ~ ft 

(•)tftProvision for productivo capacities of basio cad inter-       4M   . * 
'    -nodiato ohesdeals (excluding phonol) for adhesive rosins 

t© bt incorporated to an existing or plannod fortilisor 
establishsMot. 

». ..*•• 
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y.'^n Africa 

'ïmi-pr cruets - Thore aro no existing potrochomical plants in West Africa, 

-•->r -re thorc definito country projects. According to a preliminary study 

undort.-.' on by tho Nigerian Fadoral Kinistry of Industriest a ?VO-poly- 

o+hylcn.i complex based on LFG could possibly be sot up in 1972 wtvn 

combined PVC-polycthylonc consumption demand is oxprctod to reach I5f000 

Tho absence of national projects in this sub-ro^ion is understandable, 

as d.jmande for petrochemicals in individual member states (14 of thorn) 

?rc far toe small to justify oven tho smallest possible unito. Pooling 

'ho market is, therefore, moro a pre-condition to the dcvolopmont of tho 

petrochemical industry in this sub-region than in the North African sub- 

ration. Tha proposals indicated in this exorcisa reflect this approach 

and aro based mainly on market and raw materials and utilities available 

C^e Tabla 11). f 

Tho making of certain changos (in capaciti os and in intondod time of 

initial operations on proposals in previous ^CA studios) was found necessary 

to render tho ethylene units for tho plastics plants moro viable. Among tho 

plasties, thero was no provisión for oolystyrono production. It appoars 

that a 15,000 ton unit should be foaeiblo in 1930. In view of advantagos 

to bo gained from central location in West Africa and in rendering an 

ethylene unit for Ghana viable (which could not otherwise bo feasible) 

integration of the polystyrono unit with tho PVC plant has beon envisaged. 

As rogarás synthotic rubbers, tho sub-region boine an exporter of 

natural rubbor, no production of synthetic fibres has boon foreseen. What- 

ever eynthotio rubber is required for mixing with natural rubber could 

preferably bo imported during tho coming docade.. 

Unlikò synthetic rubbers, synthotic fibres production .in thVfub-rogion 

soems to bo moro realistic. Bbdausc of tho oxpoctod faster rate -®t  incroôso 

in synthetic fibres demand, tho structure ôf'demand or tho switchover from 

nylons to polyesters and acrylics, capacities proposod in previous 3CA 

studios had to bo modified and new units added. 

#*., W« 
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Rocins for adhesivos arc aijçnificcnt în tho suV-roblen.    ?scai:se 

of the* relatively snail er 1975-19<30 increase coaparsd with" thoso of 197C-- 

1975t capacities approximately corresponding to 19ßö ectiioated demand» 

have bcjn wivicoçi-d for 1975 or soon thevoaf ¿or.    ây. vas ¿jrppoaol .í'or 'ifórth 

Africa, fp.cxliticE ípr ta« apnufacturo >of .these ax*9äu?.tn will, have to he- 

'integra* 3d with nitrogeno«« fertiliser plant«, preferably incorporating a 

unit ¿er uvea ü.VíVfacture.   •••.. •'.... 

ïr.ci co.TRitiod capacity of tho dodccylöüiisene unii» jprajjOÊiod frJîa 

short of meetir^ the entintad dotiand.    AE part of the "Afíígttft. ¿s&utáe   ' 

will n„-óess.íirily involve ¿otorgónos composed ef activo inrtredléfcts! othsr 

then dcdocj/lbensseno,  the proposed capacities have bee:» ?ai&¿n-3& a>o such. 

Bsih ÏTCT and ÍÍIC units are expoc+ed to. satisfy aoaands. • 

Ar: cjüKutcd demands fox* pcooiilevosl'iyltme #«Ä ft-homne >r« raHtiv^Iy 

striali, ho production unite lave bc¡3ü onvisa^od tòt their sâsufaeture. 

Io view of ilio ©xpeeted development of the rublwr industry, ivo imita 

fot* c&rboii ì:laek production, o^o in Kigoria barred on either naturel pis or 

oil and another in oither 31err* L'on-! or Liberia btvoid on oil, U-*ve been . 

envisaged. 

t'orto^^a - Cap¿.citi;.c of, o.* ¿.¿Mandi, for, r.iunc:¿.cra ewvuspssaing te thess 

of polymère are preaonted in Yab.lo 1ï.    Ili general, Bsew.i«*r eapaoifcîco arc 

for" captivo usos.    /:* except J on is the cajiK»!ii.c+.ar.i u¿»it pre^oHCil for •• 

Higoria,    Its capacity )v\% becm -^ised by 2,203 +.or;B to cover requirements 

foz!*i'hü nylon u unit envisaged in tho Iwory Coast. 

'As tho 1930 dwnand for aoryl mitrilo is uir.tll, its production in the 

sub-region during the coning decurta does not ap^aar to bo realiciio. . 

Production of acrylic fibras Jy,  aeróforo-, expected te be limited to tho 

last stage of procosaing, 'h»,*t *»» polymérisation of i;apoifl ¿d acryicr-.ii.rile. 

Intermediate and. binic .oi-eanic cheräiw.la - under »ha Vest African situation 

in the ccraing; decade it roy not sa feaaiblo to predue* all of ¿he intcr- 

tsediates and basic chemicals nueds for tho production of the end-product« 

and monomers under consideration.    Frota a glance at Table 11, it 5.« obvious 

that ethyl en-, glycèà and phoríol v;i].l ¡«ave tobo imported, •...,. 

;    » 

•    t 

í'í 

<%* 
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In varying dogrcos, "tha retaaining intern o di a tos and tosic chemicals soar 

to havo possibilities for development in  the nab-rogioa.    As explained under 

"Çnd-producta",  othylcñs consumir.^ unito were purposely çrouped so as to 

justify ethylene caccitio*¿ in th- o countries.    Th3 '-uantity of benzer 

oxtractablo from crackod gasolina of the ethylene unite is too snail comparai 

to the estimated doannd.    Convars5.cn of other aromatica to benzene for maxiauc 

bonsenc yield has,  thoroforc, boon envisaged.    Thi.s would, of course, moan no 

local production of p-jcyleno far the diaothylterophthalaio unit. 

As both othylciio u.?ita foròsasn in Ghana and tho Ivory Coast aro email 

and as bonaano demiiid in Ghana is Ojcpootod to bo about a third of tho sub- 

regional denand, it lias beon envisaged tliat tho cracked gasolino from tho 

plant in tho Ivory Coast bo-u«od to supploacnt tho food for the aromatic» unit 

proposed in Ghana.    !^von v.*ith this Errangomcnt tho enpected production of 

bonseno falls short cf the estimated demand.    Since the alternative procoss 5r. 

oonsiderod impi-aötioal because of lev/ yiold, the gap accounting for a third 
»-..••/.• . •.    • 

of tho sub-regi önal dérsand trilli havo ito bo t;?t frt-rn import. 

Stoma cracking of naphtha for the pL-cdaction of othyleno i3 expected tc 

próvido tas nocorjsarynjuantity of prwpy:cno.   Although Nigeria could bcee ite 

ethylono production cr natural gas, all .¿he ethylenes units for Host Africa a**, 

for reasons explained nbovet caamad to ttae naphtha fo&d.    Extraction of 

propylene fro« thòso unita is ¿xpoctód to moot ¿odqoyibenaeno requirement. 

CyfeyftX Afri on 

&ioVproducts . Km*e a-:-« no ej&oting petsKjohemieal facilities in thlo sub- 

rogion.   ?he Dooooratlo Republic of tho Congo, however, is contemplating a 

PfC unit besod on cale-.urn oorbide.    This appears to bo tho only project 

..under consideration in tho whole sub-?sgion.   Froa. a glance at Table 1?, 

that is frort tho low consumption ostiratos, it is clear that this sub- 

region* s prospoct for tho dovolopoont of tho potroohoraical industry is not 

as favourable es for tho othor subrogions.   During tho docado under review, 

therefore, thore appear i to be a caso for thi?; sub-region to avail itsolf of 

certain producto frcatíadjeoént sub-regions.   Thi? should help some.industrie 

"t 

•MB 
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a th..no tub-regions whose capacities may prove to bo above tho market 

for which they wore intende!. It should, in addition, pave tho way for 

1-.tor-sub-regional co-operation. 

In addition to tho PVC plant contcrrplatod, a polyethylene unit 

Lv*.c.*r?.tcd with tho ?VC plant cr.n bo envisaged, provided tho PVC unit could 

te br.sed on ethylene instead of calcium carbide. This approach has boon 

• .s'.sumod in this cxorcis^. 

Production of rosins for adhesivos sooms to offer batter scopo in 

this sub-region than in the others apart fro« Heat Africa. As was tho 

casa with tho other sub-regions, integrating faciliti s for rcains produc- 

tion with a nitrogeno«* fertilizer plant has heon envisaged. All input« 

except phonol aro expected to be produced in the integrated complex. 

There ore possibilities for tho production of polyostor, dodocyl« 

'benzono and EOT. Tho first will bava to bo limited to tho final stage of 

processing, that is, to polymerization of diraethylterophthalate and othylon« 

glycol. Tho other -two could start from the basic choraicals propylan¿ and 

benaone. As consumption of those intermediates and basic products are 

small, local production cannot -be considerod. They will have to be imported* 

Konqmars - Vinyl chloride and ethylene corresponding to ?VS and polyethylene 

requirements have boen envisaged. 

Basic..chemicals, and itortnediates - Ethylene is tho only batic chemical 

proposod for production in tho sub-rc^ion. As vis statod above, all others 

should be importad. 

Saat Atrip*    .-.-.-        ' 

General introduction - A study of the potential for chemical industry 

development in tho 'fest African sub-region was undortaken in 1964~196$,-3/    , 

The number of ehoaieals covered was limited.    This was particularly so as 

regards petrochemicals.    PVC and poly ethyl en o were tho only onos included in 
tho study.     • * 

ll     Investigation on Fertiliser and Chemical Industries in Sast 
TV«.WX«9Sjrt"TKi; WT ~ 

Africa. 
mmmmmmm— 
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.   The situation boihj what it iá in Rhodesia, tho country allocation 
of the proposed industries and tAoso to bo proposed ted to bo considered 

in tho light of this development, that is, excluding Rhodesia.    An attoapt 

has, therefore, boor. «do.to this effect in the following paragraph**, 

.^ä^produots - iherc aro m, petrochemical -manufacturinc facilities in the 

•ub-^ion. and the oecrotoriut i3 not aware of any concreta country nrojoct. 
ready for imslmm^im.   Tho reason for this apposât lack of interest 

..is the san.? as thai i'or the tfsaf Afri-an sub-region.* 

As vas tho cas«, with in* other sub-mgiöns, tho possibility of poly- 
•tyrspe prodigo: is associated with tha feasibility of an SER unit. 

• If the 331 wait proposed tw Worth Afrioa for 1Q0Q piWB ^^ & ^^ 

«atto go on Éttm early in 1530 oaa o0 •mri.afod for Aast Africa.   Tho 

l*o*itetion »mit. for styreno, butadiene, polystyrene and SST prosent od in 

TaWo Î3 ara bused on this «section.   As deesM for other syatJiotio rubbers 
is ssmll, no provient Hs boor. mAe for loe?.l production. 

Synthetic t%hm offar pwuibiliti« for doirolepeont.   Tho locations 
-of production facilities on tht, lasis of «oncers ware äctonlned ««inly 

by pvarteity to rw-kets *hi,h MV „Khor »»tie«*, or »tiessi plus part 
-or all ttc BAvbaki«) of lb* i^^bcwuins country or oowwrio». 

.      As explained olsewfcora, the development of uror,- and phenel-fon*a> 

dehydes it tied up triti, tho «t^Hshaent of a nitrogenous fertili**, plant. 
S««* e plant, which should few facilities for afonia and urea production, 
doss not «igt »o*   in tha r.vVrcv-ien „or is thoro e concrete project.   ' 

until the tiao «fa.** a projact of thi« fcind.eome3 to aa advanced ifcago, 

tkere it no possibility of «ucjcuUnf a looaVicn for rotin, production. 

899899% - «>9 qun&tities and, oons^iontly, tho capacities or import«     , 

of «oncers needed as inptit, for polymerisation to tha precedi«* end-product. 

art prated i» Tabid 13.   Fer a groat part of tho decado, it i. anticipated 

that aylcn units will hav* to ¿spend on import** capreUeta«.    Tho establish- 
«*>t cf s singlo ml* u CBViea€cd ^ tha tm 9t%hc docádc>   ^ 8iimii0ñ 

*W**i*g eoi7loaitrilo.il «oro pessimistic.   A taction mit does not 
eco» to be justified, even sono tino after the turn of tho docade. 

ï 
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Intermediato and basic organic chemicals - Necessarily,  production units 
of intermediatos and basic petrochemicals are limited in number.    Some, 

like ethylene, are intended for captivo usos.    Others,  like benzene, DOT 

and propylene are meant to cover domestic needs as well as supply those 
plants not possessing facilities 'for production. 

Although propylene would have been obtained from the steam cracking 

of naphtha for ethylene production proposed for Ethiopia, the central 

location seams to favour production of this chemical in Tanzania.    Accord- 

ingly, production of propylene together with.ethylene is expected in 
Tanzania. 

Before closing this chapter it would be in order to mention further 

possibilities.    In some or in all eub-regions the feasibility for the manu- 

factura of certain producte has been mtlod out.    Suoh produets for whioh 

demande tare relatively mall on a «ub-regional basis include acrylonitrilo, 

caprolactâ», S3R, butadiene, phenol and ethylonc glyool.   Although not 

considered in thie exareixe an intar-eub-regional approach could poaeibly 

render the production of these potrochomieals practical.   Thit approach 
should be explored. 

FIXED wiwnmT WFLicmms or TKS ptoposss UNITS 

The capaciti«» and locationi of the potrochomical unite proposed, as 

noted oarlior, are tentative and, therefore, subjoot to change in the light 

of better information and now developments.   This relates to développants 

both within and outtide tho region.    This coupled with tho fact that it it 

difficult to take into account factors determining investment recrement for 

•o »any individual count ri ee in an oxorciso of this nature makes it imposs- 

ible to tbo definite is the financial implications of tho propoaed unite. 
all that can be dona hare it t© indicato implication» in torma of rough 
orders of magnitude. 

W***aw poaeiblo and available, existing invaetment figurée of relatively 

recent origin wore adopted without any change Such figurée were, in addition, 
ueed at bant« for calculating investments of other unit».  In thit connoxion 
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it sbornii bo Mtad that the capital (plant) factor method was appliod most 

frequently.   In a fow oases, estimates aro no more than guossos becauso 
avallatolo infornati on was not oonsidored adequato for tha purp OB o.    In thoao 

oasoa whore investment figuro« in do vol op od count ri üB woro usod as baaos, 

provision for tha following «ma nado: - transport of machinery and oquipmont; 

higher Inatallatioa coat« hooauso of lack of akillod manpower and tho nood 

for importing equipment for installation;    stocking spare parts and supplì os 

in rolativoly largo quantities.   Possiblo nood for ancillary faoilitios oto. 

haro boon nado.   Thus, depending on tho prodòssos propos od and tho relative 

location of tha African countries vis-a-vis tho suppliars of machinery and 

equipment, invostaeats in tho fornar «ora raisod to 120 to 130 par coat of. 
thoso applioablo in doyalopod countrios. " 

.   .The results of tho approach described above aro presented in Table 14 

by country and by sub-region.   According to this tablo an order of magnitudo 

of 400 Billion dolían «ill bava to ha invested* in 19^5.   m additional 500 

million dollars will ba neodad in 198O if the proposed units aro to bo 

realiiad.   Algeria, tho UAR, ligeria, Kenya, Ethiopia, Morocco and Tansania, 

la that order of importanco, are each expected to invest BOTO than 50 million 
dollars by tho and of tho 1970 docado. 

The abovo group of oountrlos acoounts for about 70 por cont of tho 

estimated investment.   Tho first throe, and to sono extent KOTOOOO, aro produ- 

cors of orude oil and natural gas and have tho pot ont i al markets of their 

respective sub-ragions.   Kost of tho rest, such as the countrios in the ?*at 

Afrioan sub-region bava, so far, not found orploitablo oil or natural gas. 

They bava, howovar, rofiaorioe which with tho proposed or oontomplatod 01- 

tenalons aro expected to ba in a poaition to supply tha feedstocks roquirod 

for tho proposed petrooheadoal ventura«. ..*j. . 

Ino investmonts in quoetion, it ahould be notod, aro for units orientod 

toward âfrioan aarketa only.   In other words no account has boon taken in this 

ornease of export possibilities outaido the region.   There aro a few . 
oountrioo in Afrioa (Algeria and Libya in particular) whioh baoause of their 

mí/ . ••*» 
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locations have possibilities for oxport.    In such oountrios tho units 
\   proposed in this study may have to be revised in tho* light of devolopmcnt» 

regarding opportunities for oxport.    Bocauso of oconomios of scalo ro sul ting 

.  fron biggor uniti and better utilisation of co-products tho potrochamical 

plants in such countries'nay be oxpactod to be moro viablo than thoso 
proposed for tho purpose of mooting local doñeada only.    It is possible 

that the additional investaent n«odod*for the production of oxportablo 
potroohomicalf could bring the fixod invoetment to tho lovol of 

1000 million dollars around 1$$0« • 

•i 

¿*. 

S 

+i-   •.. 

•.'  } 

:H- 

?-*7'.4' ;:t 

%'• 4;*t*# 
A.     ' 

»•*•• 

't 

•••ÉaiiaaMM •mai •EMEU 



ID/WG.34/4.Rev.1 

% P.ige   64 

i • 

«S 

8 

Ì 

í'a 
il1 

ï$88 $$$& 8R§8 Ä8888888 88 ||8| 
ï-(B5i}-vo vo f-c-t-CM meo *- r-r-   **ieo in 

.     *- <«">M3     •   *-     «-.«. •" ; 

5: I li 's 
t 
S 
»? 
S3 

$£R& P2&S 8&88 8888888g || |gëp 

8'p8 8^S8 •8 8 8 8 8888 8*8 8 &» Ê£flw 

T-   CM  *fr C\0     «frf-lAÇO «- CM .rn 
«- *» CM *"• CM 

I   - 
| SSfl £Sfl g&Sf ggf§§*&§ &§ «S« 

1 
•S* 

•5 i 

a »8§i «Ä8f gß|i m&pgia S« .I58| .. 

s!     < 

i e s §88$ tn88i» 888 
' #7 « «w .«•     ÍS t- ON I *»CM 

£888 8'S If II 

«M 
O 

s 

s 

•• 

•8 

•t, 

III§ ISillilI Sfilili 
•*•?    l*V 

•7 
CM «*• «"" 

I »OlAC   ¿D^^S?   iO0*^^   «0° "^S ,A° "^S   íoí^ *&§^IP<Ì 
' $'$$$ BSSB ?£?î' l>?>!i>s>¡ls>£2> s>5 ÇfBP* 

s 

ï ••• » 
I - t 

- •       ' V 't. 

• ft. 

! 



wm mmmmm 

ID/Wo. 34/4.Rev.1 
Pag«   65 

ñ 

•'*'. 

8 
&8 88 

C5 1 &P& 
I 

I 
3 

• •  •    i   • 
• •  *    •   • 

i» ni*i 
: : 881 

«• N «• 

• • •    •  •  • • 
* • •    •. •  •  • 

#» Ol *t 

2.S2.2  fi fi9 fi    • • t •    • •  • •   OOQI *?5§ 5||| •'.••• • •••••• Uli 

$1 
ì 
I 
§ 

Ü. I 
o 

S22  fifififi    *. • • •    *  • • •  oso 
w*«i ;••••.•:••• Ili 

I 
i 

§ 

É 

Í 

ñ 

I ëi 

fifififi 888 
li  »Ar-§ 

«ti-     •    •   ••   •    Q 
•**      •    •    •    •    fi 

¥W«i 

.1 
i   S « 
o   «o p 
5 •«•§ g 
S *- 

9   0      0 
§     P  °      O 

•i 31 i ei   î 

I 
I 

¡Dfififi fi fifi fi    * •'*.•»    ••••o Sftif lili *# # * *# • * g 

Bï>S$ Bi?Pî> £?&$> B^5? §í?í 

I-a' 

s 
Î 

!î;* 

1 i 

« 
ê 

It 

S 
g % 

»1 
¡s' g 
y H m 

m 4* 

° f.  ts 

S   "   * 
8      fl 4«      0 
4* 41 - 4» 

Ils 



ID/A<0.34/4.RöV.1 
Page   66 

! 

s 
2 
4* 

g 

n«wj 1-  04 

8 0Q  o o o o  vr>Q 
ö O    «ÍAO Q O 

"tfCÖ *o VvOr 
CM rO 

B-pre^jruj ,] ^œ£S ££&£ mino o   mooo   CSS2.    '.Ill    l i, -w S X    ,ns.^r-    C>J >ö ÉVI e-      •   •    •    • 
•   • 

*— CM <r- CM 

ItfeuòfJ °§8g 

Í 
1 
1 

•noti «MOTS 

|  «- rO t» 

Uli 
gStf> 

8888 8888 8888 

SR§§ P*8& &£!§ 

**H »S88 °SS8 

SS88 g|88 S8g8 

• •••'.• • • • 
,   •   •   « :   «    •   •   • 

•   •   •   •"• '   1   l   l 

•>«        3 

w« 

Î 
1 
1 

•î 

I 

I 
r- CJ 

*- r- W f^    N *t »> ON    w nii^i 

8888 8888 888! 
Ills "fcKS ^i¿^: 

• • • •' • i : : 

• « • •    • • • * 

. • • •    • • * ; 

» , « •, • • • • 

• • • •   • ; î î 

mt **8I R§aÎl ::::••:::. 
RSSg &£§§ ARRI. : : : :   : • : • 

^frjtïS 3888 «»88 «ail  : '• : *   : :: : 

•t«M£§§l -3SS8 S§§§ s& 
•   ••*     t   •  •  • 

:2& ?« *"*££ 

*B© i p£f*§ff fiel llil flit fill 

^2» 

8 

«o 

s 
I £ 



ID/WG.34/4.Rev.1 
Pa$e   67 



ID/W0.34/4.««v.1 
Page   68 

i 
•H' 

"H 
4 o' 

tí 

8 

I Kfill-::::,:I§¿|lSI|HÍ^*l!M!l 

! * o o 

Ï. 
I 
j| 

i ; -w 

o 

Ig *^S • • • • sSg^S, • • • • * •••••»• • • •  • • • 

». •   •  •   If*© o o 
•• • • fctjj&g 

• t. »   • 
• ' •   •   • 

t 

••••••• 
»   •••   #, •   • 

t 
• 

•   ». • 

1! 
*»! 

3 

S 

1 
s 

o 

tifi 

j 
il 

• •• à «SS •   9 

•   t *   *   5tJB fi O • * ti Äs 

*  ' .       • 

•  •  #*• » 
• 

». •  •  • 

• •   • 
• •   • 

•   • 
», ». 

1 

«4 

3   i 

I 

• « • * 
#  • *• «Ta^o©     •  t   ».  •    •   *.»••*   •  f  •     •  *  •  * 

• *-» » . £ 

• * • *. • • • ^f&S i • • •    • t • 
t • • p   • • • 

» • •    » • • • 
• • "». ». • • 

s 
IIH pesim fill 

'1 'é 

S 

Ì 
I f 

2* 



»/W0.i4/4.B«v.1 

g 

1 
à 

í 

f 

mi SIP i ma ss*i 
i 

«- «- Riß •- <«î-^0 O !    • 
•=> « 

•   *,••     •*•• 
». •»•  • •   •• .' »   •. • 

• ;•• !   •. * • t *• • • * S fia ^ 

ù 

«ft 

JA 

i 
1 
ì 

•.•.»# • • • • 
,•   •   •   «   ; #   •   •   •% 

•    •. t   •      •    •    •    è 

:::: §SSi 1|| 

!#! 

•••»•••• 
•••»•••• 

• • • • 
• * t • 

§ • • 
• • • 

••••MQQQ #   *   *   *  Ilfg 

* • • • •"SAS 

•puf ££$$ fiSf rÌ£f 

li vi 

e 

Ì5  » 

%%*« 5 
(I1  .. .•g-giI E 

¿¿ig © e 4 5 3 
•     oso*» ON "3 5 M A & g         r r r Ö Ö H f? ftt 



ID/wG.¿4/4.R«v.1 
Page    70 

uoiasj-qns 

oro© i i i i 8888 8888   : : • •:• : : : 

".»••. 

ioòoo OOC2 Q9.R3 3S&8 • I 

8 « §   t * 

••' t   •   • 
• •   •   •   • 

^rur-888*   *  '  * '    'I?! 

i 
! 

i*1 •• .'."•' 'in !taa 
ÍH||I6!Í»S|IR|| 

• •• ». • • «•« • • • 

* 

• •.     *Î# •        • î 

•• • • *t* * • • 

• • •• *l*'î î ! • • •  •;• • • • 

* 
• • • . - 

• S*». • î 

'i*H»§2$ ";'.8IP|'SI| 

n-*Jïll|:*,-'l«82 9||| 

H^MiEil mi §111 :::îf:" 
""I^g 'ISI'WI :ïi:j!S!! 

ü i i ij t'i « i  • i"jjte • »Ifs  : : : :•;.: ; : 

«        £        S        S 

•*>» 

•   •   » î»   î  î   î 

Iiilii5lìillli§' 
**' 

!   1 
i, .i. t. v.. 



n0íG.34/4.Rev.1 
Pag«   71 

2. 

I i 
8 

*!¡Í8§ 
•'v' 

HU ff ï I MH lili iil£lllt *§*tk 

füll • " 
li 

« 

• t • • 

<SÏ & « VA 

•   •••     »••'•     ••••     <••• 

«•••.•#••*•••    *••-•; • •»••«•.*    •••# 

J,    #    t      t    # • » • # '    •*#    •      •    •    •    •     pwSft**» 

i     •    •    • 

W W ~ m j • * _ il. '      » *      Ä tf A A A •   »   • ' •      *•«••      #   ê   •   •      #   %   •   • 

yBIW&ft»fl 

•     «     *  '     ti     • ' t    •        •    •  ' *     *        •! '   •     *     • .'   flit m m in 

•e     •  • *  *., 

il 

a 

1 

• t -t't 11 il i : ; : •.: s :*:  ftwriuiif 

;iM    •• • • »    t * • •    •  •  * • 

.#*••»    ••'•'•    #§••   *••• 

#••••   »•••   •••*  • ••••• 
, • ; «    .,••#    ••••    •••* 

! «*     W s? SIIifiilitsMI 

Zambia 

RhodMlo 

8ub-r«fton 

J^¿.^^.^.U:.-     ..^.-.aS...^      -..^. 



H0íQ.34/4.R«v.1 
Page 7^ i 

tí 
© 

r-K 

.       ». 

O 

(3 

1 

I 

«tí. 

1 

• •Ml     if»   6 
• o\ \    o  o 
O «- CM     r- 

Os    i 

Os 

tes o 
Qs   f- 

o 

£ 8 
«"O 

IT»   O 
NO    Q 

fi 

«A   O   f     £ .O 

& 

\ .; 
Î     tfN   O 

£ 
#*1   **• 

8 •- 

ti 

IA &• i 
er-   *** 

*t$ £* 

I 
«t 

31 

AI 

s 

1 os 

VIH 
r s 

I il 
Ili 

.: 

« 

lüiÉBHaíiiUüliiiAtal ^^^^-^^m^Bflgl 



ID/WG.34/4.Rev.1 
Page 73 

9 î 
S 
I 

•s 

I j § ~s * 2 g£$| 8$ 8 
* 

. 

h 

MS 
I •= 
4» 

8 

8|^^2^S|^81 

? g » « « • # I    so   **%    I     »     * 

•»£••-•'•*•$& l   *»    I 

i   *   i      £ 

•» 

! 

9 

¿i\- ' ' ' •»' ' ' /j*1 'j»| 
• 

ill 
it   * 
it •* 

M 

II i1 

Í j « » • 5 K * I 8 « a s 
fi 

••i 

3 

a*3 

^§-»••8» SgeaSÍ| 

! 

ài 

'« 
it  •  • «» • s £ 

l 
9 • *       4      gHK * 

i 5 : 

•   •   i  i SI i   i   t  i « • '» 

« 

* 

I 
m'iti.it 9 

Ì 

! 

m Un h 
»* 








