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•UMMARY 

Thi. report   attempt, to formula», an imm.di.t«.   and a 

Ung-term  pian for  th. development oí petrochemical  ta*«*. 

ta Kuwait.     Worid trend,  and the   .apply and  demand  «itua.ion for 

the  major  p.troch.mic.1.  have  been empha.Ued. 

I„ the  ;i„t   Pha.e (1977-1982).   an integrated olefin- 

„omatic.  complex  i.  propo.ed with the  following ._!   capad- 

tics: 

4 M000 ton 

150000 ton 

lOfOOO ton 

105000 ton 

277000 ton 

42500 ton 

100000 ton 

360000 ton 

.      Ethylene  (ba.ed  on cracking «than« 

from LPG plant) 

Ethylene  glycol 

High density Polyethylen« 

Low den.ity Polyethylen« 

Bcnsen« 

O-xylene 

P-xylen« 

Styren« 
_J..—J«« for .11 unit« i« •••um«d 90% of »••• (Expected yearly production for au unu. 

-» <nr tko * vie ne. and boni«»« wh«r« th« figur« capaciti«, «xcept for the xyi«n«. 

indicate «xp«cted yearly production). 

M. AUUT* from th« PIC UnUtiv« plan la tko Thi« programme oilier« »om *"• 

following aspect«: 

(1)      Th. «thylen. plant ha. » d..i«n.4 c.pncity 40* nlgl-r 

than that propon in th« PIC plan.    Thi. nig-« capacltT 

I. th.  .tandard now adopt.* in Euro*..  Japan and U.S.A.. 

giving th« maximum .conomy ol »caie. 

(2)      To abaorb thi« .xc... capacity tko  augg-ti«« »• "»*" 

,. produc. 95.000 tcWy" "g* *"""* F-1*«**1**" 

mm 



• ili 

In lact thia  wat  shown to  be a  more attractive   proposi- 

tion than the  production oí  ethylene  glycol,   the   export 

market pro.pect«   of which   are   rather uncertain. 

The «econd phase (1983-1990) concentrates on the produc- 

tion ol butadiene and the two synthetic rubber,, polybutadiene and 

»tttedi.n.-.tyrcre rubb.r. together with carbon black for the tyre 

industry. It is also considered opportune to produce lurther 1720 

t/day Urea, as stroni world demand i. aniicipated between 198 3 

and '990. The possibility of producing single cell protein during 

this  phaie  is also  considered. 

Emphasis  on producing monomers  and polymer, ior the 

production of polyester and acrylic  fibre,  i. charact.re.tic of  th. 

third phase  (1990-2000).     The  proposal  i.  also  made  to  produce 

two oí the most popular  plastic,   resin,   viz.   polypropylene  and 

polyvinyl chloride (PVC).     Thio production  requires anotner 

ethylene plant based on cracking  propane.     To  ab,orb half of the 

ethylen. production,   two new line, of HDPE and LDPE a. in phase 

I are  .uggested  since the  per capita  consumption would have 

coMioerably increa.ed by then.    A cau.tic  »oda-chlorine  plant  is 

also proposed to provide  th. chlorine necessary for the production 

of vinyl chloride. 

The report  concludes by emphasizing the importance  of 

••Hing «p downstream (tertiary) indu.trie.  -  particularly by the 

privat, sector  -  in order to provide .ome degree oí  domestic 

support ior the  export-oriented petrochemical..    The.e tertiary 

.•clor industrie,  can be   ..t-up either  i. Kuwait,   in Arab countri«. 

or i. other developing countrie..    Opportuniti«. ior private  .cctor 

i.ve.tm.nt in thi. field »re lUtod in Appendix T. 
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EXPLANATORY NOTE 

The  following  definitions  are  given: 

"Dollar" ($)        meant the United States  Dollar 

" K.D. " means Kuwaiti  Dinar equivalent to  ).4$ 

" Ton    " (t) means metric  ton. 

The following abbreviations are used: 

OAPEC 

b/d 

BR 

DMT 

HDPE 

KNPC 

KOC 

LDPE 

LPG 

MEG 

MVC 

PIC 

PP 

PVC 

PS 

•Bit 

scr/D 
TPA 

t/f 

Organisation of Arab Petroleum Export lag 

Countries 

Barrels per day 

Butadiene Rubber 

Dimethyl  Terephi .alate 

High density polyethylene 

Kuwait National Petroleum Company 

Kuwait Oil Company 

Low density polyethylene 

Liquefied petroleum gas 

(Mono) ethylene glycol 

(Mono) vinyl chloride 

The Petrochemical Industrie« Company 

Polypropylene 

Polyvinyl Chloride 

Polystyrene 

Sty r*ne-butadiene rubber 

Standard cubic foot per day 

Terephthalic acid 

Metric ton per year. 
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DEVELOPMENT  PROSPECTS OF  PF TP. OCHE MIC A_L 
IND'JSTR^ES  IN KUWAIT* 

1. INTRODUCTION 

A.   BACKGROUND 

Kuwait   is  a  p-troleam  producing and  exporting  country with a 

population of  about one million.     It» proven  reserves  of petroleum, 

incfudinp  it«   «hare  in the   Neutral   Zone,   has   been estimated at 

72.8  billion  barrels  of oil  and   32 000 billion cuòic  feet  of natural 

gas.     Oil production  reached  an average  of  2.6  million barrel« 

per  day in   1974 and dropped to  2.1  million  in   1975. 

The management of ths  entire  oil  and  ¿at   sector,   including 

gas and oil-based industries  and  projects  has  been  entrusted  to  a 

Committee  within th¿ Oil Ministry,   headed  by the  Minister  of Oii, 

and includes   the heads  jf KOC,  KNPC,   PIC,   the  Natural  Gas 

Exploitation   Project,   and  the   Undersecretaries  and  Assistant  Under- 

secretaries  of the Ministry. 

The Minister of Oil,   Mr.   A.M. Al Kazimi,   outlined in a 

recent  statement*     (12 July  1975) Kuwait's  plans to gradually turn 

»way from exporting crude  oil and towards the  export of the  refined 

products, LPG and of the petrochemical industry products. 

The petrochemical industry has become one of the most dynamic 

industrial sectors in developed and developing countries.    Whereas 

half of the world wtput of organic chemical* wae petroleum derived 

in the early   1950», about 90% it now from petroleum.    The petro- 

chemical industry includes the manufacture  of basic petrochemicals 

(i.e.   chemicals made directly from petroleum and natural gat 

fractions e.g.   ethylene,   propylene,   benzene  and the xylenes), 

intermediates  e.g.   vinyl chloride  and acrylonitrile) and end products 

such as synthetic fibres,   plastic  resins,  synthetic  rubber and Urea. 



The output  of the   petrochemical  industry  it  increasingly penetrating 

the  technology  of other  producing  sector« to meet basic human 

needs   such  as  clothing,   housing  and transportation,   apart from 

agricultural and toud production.    In view  of such wide applications, 

countries  with abundant  petroleum and natural  gas  resources,   have 

shown increasing  interest  in establishing  viable   petrochemical 

industries. 

In response  to a  request  from the  Government,   the UNIDO 

Senior  Inter-regional Adviser  on petrochemical»  arrived in Kuwait 

on a two-weeks mission,   to assist in identifying  potential opportu- 

nities  for the manufacture  of petrochemical products  in Kuwait. 

The author  proposes,   in the present report,   to  offer  some views 

on how a  petrochemical  industry in Kuwait could  systematically 

develop,   over the next twenty years or  so,   on  sound economic  and 

technical basis. 

B.       GENERAL CONSIDERATIONS 

In formulating a general plan for Kuwait's petrochemical 

industry development,  the following considerations  should be 

emphasized: • 

(1)      With the waves of technological innovation,   the petrochemi- 

cal industry has been building bigger and bigger plants. 

Ths sconomics of the large-size plant have been the dictat- 

ing factor in this upward trend.    In order to take full 

advantage of the very considerable economies of scale 

available,  it would be advisable,   during the first phase  of 

development,  to concentrate on the production of a limited 

number of petrochemical products produced in large-capacity 

plants. 



(2) Due to the very «mall size of the Kuwait market, it will b<; 

necessary to secure large and steady export markets for the 

various petrochemical products produced. 

(3) The petrochemicals  chosen to  be manufactured,   in the   initial 

phase  of development,   should,  therefore,   be  those for  which 

Urge world wide markets  exist,   and where  raw materials  and 

tnergy  cost  is  dominant  so that they can meet  competition  in 

the export market. 

(4) In view  of the  large-«cale  petrochemical  projects  that  members 

of the OAPEC intend to build,   it would seem  advisable  for thsae 

countries to coordinate their plans,   particularly in product 

••lection to avoid excessive conflict and competition in world 

markets.    It might aleo be possible to establish a joint market- 

ing organization. 

(§)      A serious  shortage of professional and technical manpower,   at 

all levels, already exists  in Kuwait.    To  service the  needs  of 

a developing petrochemical industry, Kuwait must realistically 

look for partnerships  with major integrated chemical companies 

who eaa supply adequate numbers of engineers and technicians 

to supplement and strengthen local talent and assist in training 

national counterparts  so they can take over more and more 

responsibilities in due time. 

Partnership with a foreign company may take the form of a 

conventional joint venture or alternatively a contract for technical 

management and marketing. 
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II.      BASIC  PETROCHEMICALS 

Olefines  and  »romatics  comprise the  basic  building blocks   of 

the  petrochemical industry.     They are,   therefore,    referred  to  as 

batic  petrochemical»  or  primary products   and  are   converted,   often 

through  the prodiction of intermediates (secondary  products),  chiefly 

into polymers  required by the   plastics,   synthetic   fibres   and   synthetic 

rubber   industries   (end products  or  tertiary   sector). 

The primary products  include  ethylene,   propylene,   butadiene 

(olefinsa),   and benzene,   ortho-xylene and para-xylene  (aromatica). 

It is proposed to summarize below international market forecast« 

and production technologies of these  primary products. 

A.       ETHYLENE 

A. 1     frupply  and Demand Prospects 

Ethylene (C,H.) is undoubtedly one of the  mast,   if not ths 

most,   important basic product  of the petroleum chemicals 

industry and in ths forseeable future looks certain to  remain 

•o.    It is today the largest volume  petroleum based organic 

chemical in the world.    It enters in the  production of about 

30% of all petrochemicals and is a major determinant in their 

coat.    Ethylene is used mainly in the production of polyethylene, 

vinyl chloride, ethylene glycol and styrene.    Table A(l) in 

Appendix II gives the Ethylene demand by end use in West 

Europe, Japan and U.S.A. 

The rapid increases in demand for ethylene have been 

brought about by the  rapid growth rate of plastics and polyester 

fibres.    Table (I) below summarises, the forecast of world 

capacities,   supply and demand,   classified by  region. 
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Accordili;  '.o th.jf   ostim.j'es,   ethylene  «vili   run   short, 

and  in   1V80   a  total  of   1,610,000 tons   will   be  in  short   supply 

in the  four  areas-   W-.-stern  Europe,   Eastern  Europe,   North 

America  and  Latin America.     In the   long  ¡un ethylene  is 

estimated io  L>e   in  short   su;>p!y  in  practically all districts. 

It has to be  noted however that  most  of the  ethylene 

produced  in petrochemical complexes   is  consumed oaotively 

and that  relatively  small  quantities are  transported by  ship 

and by ethylene  pipelines.     Two pipeline  systems exist in 

Western Europe,   the large  connects  Belgium.   Holland and 

Germany and the  other  traverses central France from  near 

Marseille northwards     to Dijon.    There are two smaller 

•ystemi  in the U.K. and a  minor one  in Japan.    The  largest 

ethylene pipeline  system exists in the  U.S. Gulf coast area. 

In spite  oí the  forecasted  shortage   of ethylene  in most 

regions,   it is  economically unattractive to  export liquid 

ethylene from Kuwait in view of the  very high coste oí 

•hipping over the  long  distances involved (e.g.   to South 

Europe or Japan).    These high transportation charges (about 

150-190 $  per ton) would offset the advantage of low feed - 

stock costs.    The basic  conclusion to be drawn is that 

although market prospects for the export of liquid ethylene 

look quite attractive,   economic considerations dictate that 

all the ethylene produced in Kuwait  should be consumed 

oapUvely   as feed to the local derivative units (LDPE, 

Sty rene,   MZG. . .) 

A. 2      Feedstock 

Ethylene is manufactured by the  «team cracking of hydro- 

carbon feedstocks.    Ethane,   propane,   n-buta ne,   naphtha, 

gas oil or even crude oil can be used a feed for ethylene 

production; so can a mixture of these hydrocarbons be used. 



Can«rally,   the  heavier the Icedstock to an ethylene  plant, 

the  greater  are the  quantities  of by-products  produced over 

and above  the  required  ethylene-production quantity  (Table 2), 

which makes  it apparent  that  the  value placed  on these 

" co-products " will have  a  very marked effect  on ethylene 

COStt.    Table (2)   shows   the   yields   of various  feedstocks. 

TABLE    (2) 

TYPICAL  YIELD STRUCTURE  FOR DIFFERENT  FEED- 
STOCKS  (FOR   PRODUCING   1000 MILLION  lb/year 

ETHYLENE*; .    •• • 

(i.e.   454000 Metric  Tons/Year) 

* 
Feedstock 

Product in mil. lb. Ethane Propane n-butane 
Kuwait 
Naphtha 

Kuwait 
Gas oil 

Residue (Oil) ges 
<rl2+CH4) 175 663 665 484 513 

Ethylene 1000 1000 1000 1000 1000 

C3»s  Cut (includes 
propylene) 31 353 499 392 48C 

C4 Cut (includes 
buUdiene) 25 61 216 205 310 

C5  -400°F Gasoline) 

Cracked fuel oil       j 
19 193 350 644 

175 

677 

740 
Total Feed require- 
ment 1250 2270 2740 2900 3720 

% Food conversion 
or severity 60% 90% 96% High High 

lauree: G.J. Hayward and P.N. Hogget-(Stone !c Webster Engineering 
Corporation)    The Oil and Oas Journal,  July 28,   1975, p. 
• 1  - 14). 



Examination   of Table (2)   shows  that  ethani   cracking  gives 

almost  ne^ticible   amounts   oí  propylene,   butadiene  and liquid 

product.     Propane  and butane   cracking  yield   rather more  oí 

these  products (but  are not   major   sources   of  butadiene). 

Heavier  feedstocks  mein  a   vastly  increased  yield  3Í product« 

that must  be   sold  for a  project   to be economically competi- 

tive. 

In the U.S.   the lighter dome ft ic  feedstocks  (ethane,   propane 

and n-butane) obtained from natural   gas  liquids accounted for 67% 

oí ethylene production in  1973 but are  becoming more  and more 

difficult to  obtain.     New ethylene  plants  under  construction or 

planned are designed for using heavier feedstocks (naphtha,   natural 

gasoline,   and particularly gas oil).     In Western Europe and Japan 

naphtha has  been the predominant  feedstock as  no  4as  liquids were 

available.    As the   supply of naphtha   is  becoming tighter,   the 

trend is towards  building new ethylene  plants  flexible   enough to 

operate  on gas  oil  feedstock.    It  is   now  rare  for   a  new plant in 

Europe or the US.   to be designed  to  operate  execlusively on a 

•ingle feedstock,  owing to the uncertain and fluctuating feedstock 

situation prevailing in those countries. 

The situation in Kuwait is  quite  different.    Any of the above 

mentioned feedstocks  could be made   available to any ethylene plant 

built in Kuwait.     In the first phase   of developing the  petrochemical 

industry,  there would be no need,   in the writer's opinion,  to in- 

corporate in the  plant  design the  flexibility required  for cracking 

alternate feedstocks,   as this would unnecessarily add to the capital 

cost of the plant. 

The choice of a feedstock for  the Kuwait ethylene plant depends 

on the range of products to be manufactured.    The writer suggests 

that,   in the first phase of petrochemical development,   no propylene 

derivatives are  to be produced.    The  present plans  of PIC are in 



agreem«:--,;   with   th.a   vitw.     In this  caie,    ethane  %vould   be  the  ft;to- 

»tock  ¡ar   ixcciicr.ci.   for   th?  ethylene  plant.     RMIMI   tor   rtachinx 

thi» concluiion  are:- 

(a)      The   proccss:¡i¡;   scheme used  for  ethane  cracking  has   *  very 

law  prodi n. m   of liquid  by-product» (Tibie   2 above). 

Accordingly  th«-   number  of processing   »tepi  involved  in 

purifying   the   ethylene  product   is   considerably  reduced in 

comparisi n  *'-t!»  t. racking propane   and heavier  feedstock». 

Thi»   a'lows  fj:   the   design of a   limch   plant  resulting in 

much   low. !•   rv.pital   costs  th.»n  r.aphth-   or  j/.is  o:i  feeds.     In 

a paper   natlnh.-d in  Marrh   1975 Brace   7.   Greek      gave  the 

following battery limit»   capital  costs   of 454003 metric tons- 

year   (1   billion   pounds  year)  of ethylene   plants   constructed 

in the   US    (estimates   supplied by   Stone  and Webster 

Engineering). 

FEEDSTOCK 

Ethane Naphtha Gas  Oil 

Capital Cost»  in 
Million U.S. $. 85 110 135 
of  1000 million 
pound»/year 
Ethylene   plant. 

Assuming an  inflation rate- of 10% p*r annum (in plant cost 

and labour),   and assuming that a   plant erected in Kuwait 

costs  25% above the U.S. cost,   the  cupiu'   costs of ethylene 

plants erected in Kuwait in  1930 would be  about twice th« 

cost« given above.     It is clear,   therefore,   that a naphtha 

- based plant  is  30% more costly than -. comparable 

ethane   -   bassd plant. 

(b)      Naphtha  produced in Kuwait  refineries will be used for making 

gas aline,   ai.d as a feedstock for the production of aromatica 
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Í.BTX).     The   balance  of the   local prodi- ti on  oí naphtha   can 

he easily  and   relatively cheaply  shipped tu  export market« 

where   demand 1* expected  to  continue  to   ^row.     Similarly 

propani   A nei   butane  produced in the   planned   LPG plant will 

be exported.     Ethane   produced  in this   plant   could profitably 

be used as   an  ethylene («ed   since the  alternative  option for 

•thane  would  be to  leave   it   in the   lem  gas   to be  used   is 

fuel or   synthesis  gas  feedstock. 

The Katural  Gas  Exploitation project  which will  be executiHl 

by KOC shall   produce  in an  LPG plant m  ethane  stream 

(deethanizer  off gas) with  a  composition  of  about 85% 

Ethane.     In this project the associated gas  collected from 

the three  fields  viz.   Burgan  (Soith Last),   Manakcash (West) 

and North Kuwait,   will  be  fed into three   processing lines  in 

the  LPC plant.    Table (3) gives a  summary  of the  expected 

product  yield.     Detailed yield ¿.»ta   -nd product analysis  are 

given in Table A (¿) Appendix II. 

T ABLE   (3) 

NATURAL GAS EXPLOITATION PROTECT (LPG PLANT) 
SUMMARY  OF  PRODUCT   YIELD 

Basis:    3 million barrels per day of crude oil production . 
Natural  Gas  feed to liquefaction pl*nt   I6§0 million 
•cr/D. 
Product Streams: 

Natural  Gasoline 41000 

Cj LPG 100000 

C4 LPG §500© 

Absorber off Gas MS 
(about ••*/• G) 

Deethaniier  off Gas 141 
(about• 5% Ethan«) 

Barrala/day 

Milli«« scr/D 

fgvrcjs:   Ministry of  Oil,  Kuwait. 



11 - 

The C,   »nrf C4   LPG ir   destined  for  expjrt,   the  absorber 

•If gas  will   be used  for  public   utilities,   for   injection  into  o I 

wells,   at  a   feedstock   for  the ammonia   plar.ts   and to  produce 

the hydrogen  requirements   of the  refineries.     The  deethanizer 

•ff  fa«  it  the ideal  feedstock for the  ethylene   p'ant  in Kuvat. 

II will  easily be   letn from Table (Z) and  Table A(2) that one 

•i the  three  lise« oí the   LPG plant hat  cap. city enough to 

provide  all  thï ethane   required for  1 million  lb year  ethylene 

plani   (required   1250  million !b'year or 568000 ton/year «thine). 

A. 1    Capacity ^nd Coit 

PIC  It plaiuuag to produce   Í230OO tont  af  ethylene  to be 

«•ed  captively in the  production of  tow  dentity polyethylene 

(LDPE),   polystyrene (PS),   and mono-ethylene  glycol (MEG). 

An annual ethylene capacity oi 700 million lb  (318000 tons) it 

•••' »ogarded at the  lower  capacity  limit  for  a   company to 

launch  an  ethylene project  and  still  be  competitive.     An    .inaîl 

capacity of 1000 million lb/year (454000 metric  tont year) hai 

toceme a standard for new plant« in the industrialized 

etxtmtries,   giving the maximum economy of scale within limits 

•Í available «euip.nent  sise.    The writer  recommends that 

this would be the capacity of the Kuwait ethylene plant.    Ai 

•tow» earlier the cost of such a plant (1910 price) would be 

•tout $ 170 millions (battery limiti).    Ethylene would then be 

produced at a cott of approximately 200$ per ton (assuming 

ethane  at 70$ par ton).    The average contract pTice for 

ethylene in the U.S. is in the range of 12-li cents per pound. 

Meet  prie« predictions for  1*80 suggested by industry sources 

•re i» the  range of  15-17 cents per pound4' (i.e.   3)0-374$ par 

to.). 

R*te «tüy 4000 tons (*0% capacity utilisation) 
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B. AROMAT I CS 

Benrene  and  x\lene   (ortho- and  para-   )  are  the most   important 

basic   arom-.tic  p'trochemic.ils.    Benzene CfcHfci^  \:neá mainly   for  the 

manufacture   of  s'vren-.«.   pV.-no!  and  poly mi id* (Ny'on-6) fibre«.     Para- 

xylene   is med in the  manufacture  of polyester  fibre« while   ortho- 

xylene   ii  jsed to produce phthiHc  anhydride, the   major uses   oí which 

are  in  platticizers,   alkyd   resin» and unsaturated  polyester   resins. 

B. 1     Supply  and Demand Prospects 

*)        Benzene :    Dipending on fhe  availability of feedstocks, 

West Europe may have a  surplus  of   1.5 million tons  ai 
6a) benzene  in  1930 but would be self  sufficient in  1985      '. 

The U.S.   was  a net importer  of  benzene in  1975  and 

will continue      to have a  deficit  amounting to over 3 (three) 

million tons in  1985 (present U.S. benzene capacity  5.8 

million tons/year).    The  situation  in  Japan is  almost 

Similar to that  of the U.S.    Present  capacity is   about 

2.5 million t/y     ' but   demand  will  exceed supply  by 

»bout 0.6 million tons in  1980 and  1.7 million tons  in 

1985 .     It can be  concluded that there are good prospects 

lor export of benzene produced in Kuwait to Japan,   the 

U.S. (and probably to Eur ops  should feedstock  supply 

problems  become tight).    Exports  to  developing   regions 

and to East Europe are doubtful.   However,   the  Kuwait 

complex will utilize all produced benzene for  styrene  production. 

*)        P-Xylene  World capacity of para-xylene was about   3.2 

million tons as  of October  1975  and planned expansions 

would bring it up to 5.5 million tons by 1978   \     Para- 

xylene ta mostly used in the production of dimethyl 

terphthalatc (DMT) and terephth.alic acid (TPA) both  of 

which are intermediates for the   production of polyester 

fibre.     World capacities of DMT  and TPA were   3048  and 
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862 th<,i9.-,nd   ton»  respectively as   cf January   1974  hut 

planned  expansions would   raj«.- theo to   5*93 and ¿0Ó5 

thou.ird ton,   by  19774).     Polyester  fibre   and film demand 

continue   v.rong,    ,nd hence   dom.,nd   :c>-   p-xylene  also 

conti nut-s   strong. 

It .ippva.a  likely,   therefore,   that  in   1980 world  supply 

Oí p-xyîer.*   i9   ,.SAiiivrt  to    no.t  demand.      However,    by 

1985  de'icits   .   mid  be   significant nv mi,   ia  Japan  and 

U.S.A.     Thflre  are good  prospects  for  the  export  of  p- 

xylene  from  Kuw.-it to  U.S.A.,   J,pan and  probably 

Europe  in the  early eighties   especially d  long-term 

empört contract« could be  arranged to  muri DMT and 

TPA manufacturers  of their   feedstock. 

c)        O-Xylene  World  supply of o-xyiene will  be  just  adequate 

to meet  demand in  1930.     In  the early  eighties,   the 

increased demand for  phthalic  anhydride  will  result  in 

an expand ng  demu.vi for  o-xylene and it  is  expected that 

a  world deficit  of about one million tona will dtvalop 

1985,   mainly in West Europe  and U.S.A.     Potential markets 

•xist,   therefore,   in  these  two  regio-.s  for Kuwait  produced 

o-xylene particularly if long  term contract«  could be 

e établi shed owing to fluctuating market price« of this 

product.    O-xylene production improves the  economics  of 

p-xylcn» production and both  could be produced in Kuwait 

at a competitive cost. 

*•2    Aromatic» Feedstocks and Technology 

Benzene,   toluene and the xylenes (BTX) are produced by 

the catalytic  reforming of naphtha,   a  refinery operation developed 

in the early  1940's for the production of high-octane number 

gasoline.    For BTX production,   the  full range naphtha used in 
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the  prodiction oí  nigh octane  gasoline  it  not  normally  used. 

Rather,   a  narrower  fraction of  boiling-range  approximately 

?5-l40°C  ¡a  use!   »•  feedstock,   catalytically  reformed  to 

yield a   reforrr.Ue  which it diitilled  to give a  heart cut  of 

about  the  «ime   boiling-rnnge  but  in  which the   required Cfe-Cg 

aromatici are  more  concentrated.     This  fraction  is fed to a 

BTX solvent  extraction unit  (e.g.   using  sulfulane  at  solvent) 

to  separate  aromatici from non-aromatics,   and thi»  is 

followed  ay  a fractional distillation to «eparate benzene,   toluene 

and mixed xylenes.     The toluene  p-odured  is  hydrodealkylated 

(treated *»:h hydrogen) to produce  benrene and methane  (fuel 

gaa).    O-xylene   (p-oduced in the   reformer) boiling point   144.4<>C 

ia  scpanted from meta-xylene   (b. p   139. 1°C) and pira-xylene 

(b. p  138. 3°C),   by fraction.il diatillation of the mixed xylene a, 

followed by a  selective absorption proceas to  separate  the  p- 

«ylene.    The liquida  are further fed to an ieomerisation unit 

to convert the meta-xylene into o-   and p-xyl«n<*e   »hich ia then 

recycled. 

The naphtha feedstock ;*•»»• the  aromatic s complex can be 

provided by the   refinery of the  KNPC in the Shuaiba area. 

1st fact it ia planned tc conatruct this complex immediately south 

•t the refinery and west of the  pre a ant PIC fertiliser planta. 

The olefin complex will be conatructed aouth of the aromatic« 

KNPC now pracessas 200,000 b/d of crude  and   produces 

45000 b/d of straight rua naphtha.    Sulphur ia remorod from 

33000 b/d of this naphtha by feeding this quantity into a uniflner. 

The hoarier cut from the unifiaor (b.p.   200-J40°F),  about 

15000 b/d constitute the feed to tho catalytic reformo r of KNPC 

which produces high octan« gasoli»«,   2000 b/d of    which aro 

consumed locally and the rati exported. 
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For the  production of a rom. tics,   the   mrrow fraction   of 

boiling   range  75-140°C  can be   obtained from   the   unifiner. 

However,   this  would  be at th<r   expniu:  of the   production of 

high octane  gasoline.     Alternatively,   PIC might  be  provided 

with  »traight   ran  niphth.i,   the   PIC  aromatic«   complex  produce! 

the narro#cu*. and  return» the   lighter  paraffinic  naphtha to  the 

KNPC pool. 

la thi! connection,   it ha!   to be  noted that  KOC operates   a 

a  refinery of 250.000 b/d capacity but proceiiei  on the 

average  70,000-100,000 b/d and  produces about   17,000 b/d 

of Itraight  run naphtha,   probably due  to the   relatively high 

sulphur content   in the  product!   and hence the   difficulty of 

•«parting them.     About  10,000  b/d  of KOC gasoline  are consu- 

med locally .    A programme for modernization of KOC refinery 

baa bean approved and might be  completed .at  the same time   of 

tit« »tart-up  ){ the Aromatic»  Complex. 

Naphtha ia also produced by the American Independent 

Oil Co.   in their  refinery of 120,000 b/d capacity.    It is 

proposed that the competent authorities in the Minietry of Oil, 

together with representatives  of PIC and the three  refineriea 

would work out a programme for the  »apply of feedstock* ¡o 

both the olefin and aromatic! complexe!,  and determine a baeia 

for fjM valuation of the!« feedstocks and for the by-product» 

retorted from the petrochemical complexe» to the refinery.    The 

total aromatic» produced from a  reformer amount! to only 

about 40% of the naphtha feedstock.    Therefore,  the valuation oí 

tfee remaining 60% (by producta) ha» a pror;unced effect on 

tlM aot production coat of the aromatic». 



lfe   - 

B'3    PrûP°5jd   Ar ""•'••ifg  Comp'ex ! European  Chemical New« 

reported  on  OttobT 1975  that  W.R.  Grace  Co.   it  elote to 

concluding  ne^ti-tions with  PIC for  the  construction of a  joint 

aromatic*   cf:n,i!e:<  m which  ibo-it $2C0  miHion will  be  inverted. 

However,   r.o ?r< í>¡ sibilitv  studies   or  offers   fo-  constructing 

such  a   C'vnp'ejc  w-<rc   made available   to  the   vriter,   probably 

because  fir. ii ^.crcemo-it  has  not yet   b«e*i  roiched  regarding ths 

spectrum   of products,   capacity  of units  and financial  and 

marketing   i rrjnjc;iit-tifs.     In the  circumstances,   the following 

data  regarding   i  proposed  catalytic   reformer   complex  producing 

ben/.ene,    >nho and para-o-xylene are   presented at guidlines. 

They are  based on the assumption that  thf complex would  start 

up in  1930,   and that a narro* fraction of straight run naphtha 

(boiling  range 75-140°C) woald be pro/ided by KNPC at a 

cott of U.S.S 155 p~i   metric toa. 

The  complex would comprise the following, unit«: 

Unit« and Process  routes 3attery limit! capital cott 
  Million U.S. S  

a) Naphtha hydrotreater; catalytic 
reformer 3$ 

b) Heart cut distillation,   sulfolane ) 
extraction, BTX distillation; ) 
toluene hydrodealkylation ) 40 

c) Mixed xylenes distillation; 
•elective adsorption; 
itomerization; total  recycle 49 

TOTAL 124 
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Off sit e  items  are difficult  to assess in this  short  study. 

Utilities   will  ¡.rtf.uin.ibly  be  provided  by She-iiba   Area   Authori- 

ty.     However,   other   offsite  costs  are  to be   added to the  above 

battery  limit costs  e.g.   storage   of products,   work shops, 

laboratory,   loading   station,   effluent treatment,   tie-in piping, 

lighting..   et< .    The   cost   of these   may   be   }5-407o  of the   battery 

ì limit cost. 
t 

a)        About 780000 t/y  (20,000 b/d) naphtha  would be  reformed 

producing 640, 000 t, y  reformate,   and fuel  gas  (net) equi - 
6 

valent to  1210000 x   10   K  calories. 

b) From this reformate  225,000 t/y of benzene are  produced 

at a  cost of about  US$ 365   (this  benzene  will be the feed- 

stock for  styrene  production at $ 431/ton -  see page 24). 

Co-products  produced are:- 

• Cg  aromatic 3   (mixed 

xylenes) 158,000 t/y valued at 223   $/ton 

• Raffinate (naphtha) 172,000 t/y valued at  155   $/ton 

-    Ca Reformate 67,800 t/y valued at 200  $/ton 

• Fuel gas (net) 237,000x 10° K cal valued at 
2$  per  106 K cal. 

c) From  158, 000 t/y mixed xylenes,   100,000 t/y para-xylene* 

and 42500 t/y ort ho-xylene are produced (together  with 

6500 tons of aromatica to be recycled and 4800 tons of 

heavy aromatic«).    The expected ex-factory sales price 

about 516 and 365  $/ton respectively. 

B. 4    Integrated Complex 

An aromatica  complex of the typ« Just described when 

combined with an ethylene plant in which ethane is cracked 

would form an integrated complex which has the advantage of 
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adjusting operations  oí either ethane cracking  or  naphtha  reform- 

ing  respectively  so that  production may follow the  fluctuations 

in the  demand*  for  olefins and demands  for a roma tics.     More- 

over  such A  complex is essential  for the  development  of an 

integrated petrochemical  industry. 

III.    INTERMEDIATES AND END PRODUCTS 

A.    PLASTIC RESINS 

The consumption of plastics on a world wide basis has about 

doubled «vary five years since  1955.    Prospects for continued 

growth of the major plastics are assured and are little changed a* 

a  result of increased oil and feedstock prices.    There will be 

little risk of substitution of plastics by traditional materials. 

These conclusions were arrived at by major  chemical companies 
7) a ) 

o.g.   Imperial Chemical Industries  ,   Dupont  '   Shell International 
3) 10) 

Chemical     and Dow Chemical      '.    Traditional materials themselves 

are in short supply and their prices,   too,  have been rising sharply. 

10) 
Doscher        has gi 'en the following  summary (Table 4) of the 

growth outlook of demand for major ethylene derivatives through 

19S3. 

TABLE (4) 

GROWTH OUTLOOK OF DEMAND FOR 
MAJOR ETHYLENE DERIVATIVES 

THROUGH    1983 

Plastic Resin 

High Density Polyethylene 
Low Density Polyethylene 
Polystyrene 
Polyvinyl Chloride 

Percent Growth to    19>3 

14% 
10% 
9% 
S% 
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World  consumption oí polyolefines  has  been  forecast  until 

lt*0 as follow»11' in Table (5). 

TABLE (5) 

POLYOLEFINES SHARE OF  WORLD  CONSUMPTION 

(1O00 Metric Tons) 

1965 1970 1 975 1 980 

Low  Density Polyethylene 2300 5000 9700 17000 

High Density Polyethylene 700 1700 3300 6500 

Poly propylene 300 1300 2800 6500 

Total Polyolefines 3300 8000 16000 30000 

Total World Consumption 
oí Plastics 

14500 50000 53500 92000 
1 

Olefin« • % of Total World 
Consumption 23% 27% 30% 32.6% 

A forecast of world consumption of all plastics by type 

vat mad« by an Export Group Meeting on the Development  of 

Plastica Industries held by UNIDO in November  1961 in Vienna. 

Tata« figuras are given in Table (6).    However,   the expected figurea 

for coneumption of PVC and polystyrene given are considerad at 

preeeot 20-25% too high,  whereas that for polyolefines i»  15% lower 

than praaent forecasts. 
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TABLE   <b) 

1980 I-'OKIXAST  OF  WORLD CONSUMPTION OF 
PLASTICS   BY   TYPE 

Polyolefins,    ine! .ding  copolymers   contain- 

Million Tons 

ing   a  major   proportion  oí   wdefins 26 

PVC and  copolymers 23 

Polystyrene   and   other   styrene  plastics, 
'rc-lud'ne    ^HS 12 

Phenolic   resins» 4 

Urea-formaidchyde and melamine-formal- 
dehyde   renins 5 

Polyurethane* 5 

Acrylics 1 

PVA 2 

Cellulosica 3 

Aikyds 4 

Unsaturated poiyesters » 

Nylon plastics 

TOTAL 

1 

92 

Published data  in the technical literature and in vario«« 

«Xpert  reports  submitted to UNIDO indicate the  following for«««.«*« 

of supply/demand  situation 

a)       High density polyethylene  (HDPE) 

In 19ÍÍ0 a   slight surplus of supply over demand. 

However,   serious  shortage« are expected in the  early 

eighties in all  regions,   developed and developing (except 

Japan).       The deficit in supply would amount to about 

t. 4 million tons unless new capacities are added wlthia 

the next few years. 

MM 
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b) Low density  Polyethylene (LDPE) 

In   1980 there  might  be  a world ¿-nicit  of supply 

about 250,000 toni.     Without the addition  of new  capaci- 

ties,   particularly in  Europe and U.S.A.,   there  will  be 

a world deficit oí about 4.5 million icns   in  1*85. 

c) Sty re ne  and  polystyrene 

A deficit    oí world  tupply in   19GÛ  of r.early   1  million 

tona  oí  ttyrene  it expected.    Considering  that about half 

a million tons  of styrere  might be  produced in the Ar.ib 

countries  by   1985,   a  deficit  situation is   expected to 

develop in all  other   regions  of the  world  of the  order 

of 2.5 Billion tons. The   situation  regarding  polystyrene   is 

expected to be  similar,   with a world deficit    (particular- 

ly Cu rope and Japan) of about one Million tons in 19ÔO and a 

deficit in  1985 oí about   three million tons. 

d)        Vinyl  chloiide  Monomer VC M 

World  short**» aawunting to about 400,000 tona i« 

«apected in  1980.    Considerable investment will be 

needed if the demand in the early eighties is to be met. 

It is likely that in  1985  substantial shortages (of about 

a.5 million tons) in West Europe.   U.S.A. and Japan 

will develop. 

•)       Polypropylene 

In Japan and the   U. K.    the present      consumption of 

polypropylene exceeds that of high density polyethylene. 

fel the U.S.A.  the average anana)  rate oí growth oí out- 

pat is  11-13% between 1973 and 197«. 
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In gem-r.il  .»   world   surplus   oí  about    ",PV '^toni   it 

foreseen for   1 '>tí0  but  a  deficit   in pr.ictical'y  all   regions 

(except Japan) amounting to about 3*7    million tons  is  expected. 

It  ia most  likely,   however,   that  new capacities will  be added 

in  U.S.A.  and  Europe. 

CONCLUSION'S 

a)        Market potential exists  in  all  regions for export  of 

LDPE  and  HDPE  from Kuwait.     However,   it  is advisable  to 

»ave a partnership with a  company well  tstablished in the 

polyethylene business  in an industrially advanced  country to 

provide worldwide marketing facilities,   in addition to tech- 

nical services. 

b) The vast and strongly growing market of sty rene makes 

II a prime  prospect for  production in-*nd export fronvKuwaiL 

This is due to the energy intensive nature ox the manufacture 

lag process.    However,   since  a  large  proportion  of the 

otyrene produced in industrialized coi ntries is consumed 

captively,   it is recommended that long term marketing 

arrangements be made with a partner who will guarantee off- 

take of moat of the production. 

Polymerization plants for  the production of polystyrene, 

to serve mainly Arab markets,   can be left to the   second 

pnase of petrochemical development.    Export marketing of 

polystyrtre is likely to meet with considerable problems. 

c) Export markets will be available during the eighties for 

vinyl chloride monomer.    Howe vor,   duo to recent doubts 

•Wot the use of PVC in food industries,  the production of 

VCM and PVC in Kuwait might be undertaken at a later pnase 

of petrochemical development.    It will be necessary to 
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investigate  the  economic»   of  local   production  of  s.ilt particu- 

larly by  solar  evaporation  of  tea  wattr,    so that the  production 

of chlorine,   from   salt  by   electrolysig,   can  be  envisaged. 

d)        Although there  is  a   strong  market   potential  for  polypro- 

pylene,   the   cracking  of ethane   in  Kuwait,   to  produce  ethylene, 

does not  produce  co-product propylene   for  polymerization.       The 

production  of polypropylene   should  therefore,   be   left to  a   later 

•tags. 

••    First  Phase  of Petrochemical  Development (1977-1982) 

In the light  of the above  remarks it is  proposed that the   PIC 

integrated complex would comprise,   in add '.ion to the ethylene  and 

• rematics plants referred to in Chapter  II,   the following four   planta 

la the first phase of petrochemical development (1977-19§2). 

(1) Low density polyethylene 

Capacity  105000 t/y,   Rate     «5000 t, y LDPE 

Battery   limits capital cost       U.S.f.   100 million 

Ethylene feed   100000 t/y at a cost of U.S.f. 3*6 per ton. 

Espected production cost about 710  $  per ton 

Expected European  selling price  $   1090 per ten. 

(2) High density polyethylene HDPE 

Capacity 10S0O0 t/y.   Rat« WOOO t/y 

Battery limits capital coat U.S.f.   104 million 

• 
90%    capacity utilisation is always assumi d in these calculations 
tanagli for the first few years it might be less. 

•e 
Assumptions on page • regarding inflation and construction. 
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Ethylcrc  feed 100000 t  y at a  coat of VS$ 3e<> 

Expected production cost  about US$ 792  per  tot) 

Exacted CU    coit in Europe about US$ 1197 per to« 

(3)      ftyrcne  C.H..  CH:CH, 

Tb« production oí  styrène  involves two major   step* 

(i)    Direct alkylation of beatene hy «tbylciM to produce 

tthyl benzene cé
H»c,H§ 

(li)    Catalytic ¿«hydrogénation of etayi toaaeae to 

produce at y ron«: 

• Capacity  340000 t/y; Rato  32IOOO t/y «4 cty rase 

• lattar y limit« coat USt   •) ntilliea. 

Raw mat« rial a: 

• Ethylene   100000 t/y at a  coat at USI laé par ta« 

• •Wai«na*27?000 t/y at a coat mt US$   431 par tan 

Expect«« production coat USf 593 par to« 

Expect««1 Europea»  aelliag prica Ut$ 720 par ta« 

Tfce aramatica compi«« proposed a« paga« lé« 17 is baaed a« a 
catalytic rafarm«r capacity ef 20,000 b/d ta be campât ibi« «ita 
tao «apbtba produced froen  100,004) b/d cnade.    However,  the 
reiarsner,   benscae aad xylene« product.«* «aita caá be  «calad 
ap by a beut 20% to produce the   177 000 tema et beasene required 
by tke at y rea« capacity bare ec'acted (ta coaaume 100,000 teate 
mi atkyletta). 
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(4)       Ethylene  glycol   (moao-ethylene   glycol,   MEG) 

Ethylene  glycol  it produced  by  the  reaction oí 

wator  with  ethylene  oxide.     The   latter  is manufactured 

»y the direct  oxidation oí ethylene    vith  oxygen.     MEG u 

• raw  material  in the manufacture   of polyester,   and is 

also the  principal  component  of anti-ir»-*»r?  liquids  fur 

internal combustion engines. 

If no ethylene   shortages  develop,   forecasts   show 

that there will be  enough ethylene   glycol to meet world 

demand in the  etr!y and mid-eighties.     It  is proposed 

tfcat  capital  may be  committed to  this unit  only if 

• partner  is  prepared to guarantee   offtake  of all  the 

product.    Otherwise,   the  proposed   ethylene  plant  capacity 

page   11   should be  reduced to  340,0000 tons/year  and 

tais product  deleted from the complex until a later  phase 

•I development, e.g.   until  sufficient  polyester capacity 

is the  Arab world  is  established  and  committed to 

«tilia«  the output. 

Proposed plant capacity 190000 t/y MEG 

JUte 13»000 by 

aWttery limits capital cost      U.l.$. 75 million 

Raw materials  100000 tons y  «thy le ne at 
Ufi.  344 p«r  ton 

Estimated production cost about U 5. $    407 por toa 

Expected European selling price USf   »50 per too 

êmmmmtf of Phase  1: Integrated Complex 

•)       Ethyl«ac  Plan« 

—•   »§000 toa HDPI 

—s>   *§ 000 tost LDPE Etnaae iCtnyUa«  

»03000 to«        405000 tost OxYseniWater  135000 
ten MEG 

t- 277000 toa beaten« 
 ** 32500© ton 

ftyreao 



26 

b) Aromatic s Plant 

Naphtha BP 75-140 

24>20 b/d or 
960260 ton/y 

Bercene 277000 ton (for 
Styrene  production) 

p-xylene   123000 ton 

o-xylene     52320 ton 

Total Battery limit cost of all pianti about U.S. 

$655 million or about 13S million K.D.      Sine« utilities 

will b« provided by Sèma iba  Arta Authority,   off ait« a 

cost can be a• turnad  35% of Battary limita coït i.«. 

47 million K.D. 

Honet total Fixed Capital oí Complex  » .i&JBÍUaSi. 

K.D.     Thit dota not include the working capital which 

can be a «turned at roughly about 10*4 of total fixed 

capital i.e.   26 million K.D. 

SÜ MM ÉÊÊÊÈËÈÊ 
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IV.    SECOND PHASE OF  PETROCHEMICAL 
DEVELOPMENT ( 19S3-1990 ) 

A- NITROGEN FERTILIZER 

Tne world population which     as  3000 million in  I960 reached 

»eerly 4000 million in  1973 and is estimated to reach 5000 million 

ia IMS and 6800 million at the end oí this ceniury.    The problem 

•f meeting the  food requirement!  oí the  rapidly increasing worid 

population is  becoming increasingly  acute  particularly as the  current 

per capita  level of food consumption is expected to rise as economic 

development  occurs.    Increased use  oí chemical fertilisers will 

undoubtedly be the most important factor in increasing world food 

production during the  next  25 years. 

»well        »n a paper presented to an international meeting in 

Madrid (10-14 November   1975) on "Scientific Research and Agricul- 

tural Problems" has given the following forecasts for the world'« 

demand of nitrogen fertilisers between now and the end of the 

century (Table 7) and calculated how many new plants need to bo 

added to meet this demand. 
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TABLE   (7) 

NEW WORLD NITROGEN CAPACITY NEEDED TO 
MEET ESTIMATED  DEMAND FOR  NITROGEN 

FERTILIZER -   197>.¿QOO 

Nitrogen fertili- 
••r demand at 
beginning and 
•nd of each 3- 
year period. 

Increate in 
nit regen demand 
during each »• 
year period. 

Number of new 
1000 TD planta 
needed lo meet 
increased nitro- 
gen demand* 

42 -   If 

million tone 

IT mi-1*00 •• 

1 HO-Itti §• -   Tt 20 IM 

Itil-lttO 7? - 102 ts 111 

it*o-m§ 102-  121 1* 130 

!tt*-2000 121 -  117 I* 141 

im-2000 42- UT 111 171 

All figurée in this Table refer to fertiliser nitrogen only.    Demand 
for invetriai nitrogen would odd about 20 percent to nil figure«. 
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It i*  hoped that  by   1982   some,   or  most  of the   public   utili- 

ties  (electricity   Mid water),   as  well  as   industrial   pUnts  usini¿   gas 

as  fuel,   would have   switched uver  to heavier  fuels,   thus   releasing 

enough  gas  for   petrochemical  use.     It   is   proposed that   feasibility 

Studies b«  undertaKen in  a   year  or   two with the  object oí   construct- 

ing at  least  one    1000 ton  day  ammonia   plant  and  a urea   plant   of 

1720 tons/day to tun vert  all this  ammonia to urea.     Production 

waul4 be  based  on lean gas from the LPG p^ant,   and would  be 

scheduled to  start-up  in   1982   19ë 5. 

B. BUTADIENE 

Butadiene is a basic petrochemical for the  manufacture  of 

synthetic   rubber.    It  is  proposed to  be   produced by dehydrogena- 

se«*) of normal  butane (Houdry  process).     The  latter  is   separated 

from isobutane by fractional distillation  of the  C     fraction  produced 

by the  LPG pi. nt.     The   proposed  capacity of this unit  is   IOC, 000 

ton/year oí butadiene  and would  require   about 196OC0  ton/year  ui 

»•butane.     All this butadiene would be used for the production of 

synthetic rubber. 

C. 1YNTHET1C RUBBER PLANT 

k Is proposed in the second panse of development to pro» 

duce  synthetic  rubber for tyre manufacture and for th« production 

•I mechanical rubber goods e.g.   bolt conveyer e,   hos«,   gaskets and 

molded and extruded items used in the  industrial, household,   and 

appliance fields. 

Two types of synthetic  rubber ar« proposed to be produced: 

(1)      Butadiene-St yren«  rubber (SBR) 

The suggested capacity of production is »0.000 tons y 

«mich would renuire 4J0O0 tons of butadiene and 25000 tons 

nf sty rene. 
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(2)       POIVJHM .1 dio ne   rubber (BR) with a   capacity   oí  50000 

tons, year. 

World natural  rubber consumption  (excluding the   socialist 

world),   is  expected to increase  from 2.3  million tons   in   1973 to 

4  million tons in   1980.     Synthetic   rubber  consumption   is  expected 

to  grow from 4.2  million tons in   1973 to  5.7  million tons  in 
g\ 

1980    .      The consumption of synthetic  rubber  in  Western Europe, 

Japan and the U  S.   is  expected to increase by  50% between  1976 

and 1986.     For example  the U.S. consumption is expected to 

increase from approximately 2.4  million metric  tons   in   1976 to 

•bout 3.6 million tons in   1986. 

D. CARBON  BLACK 

The major use of carbon black is as a  reinforcing filler in 

rttbber products to improve thtlr  strength «nd wearing properties. 

Rubber products (including tyres) consume 90% of carbon black 

production.    The  remainder is primarily used a« pigment in paint, 

plastics printing inks and paper.    About 30-40% of the rubber 

compound used in tyres  consists  of carbon black and  several 

millions of tons go into tyre manufacture  every year,   which give 

HIM indication ol the importance of carbon black. 

Carbon black is produced by burning, in a limited supply 

W air, heavy aromatic oila obtained from catalytic cracking. A 

smaller and declining amount is produced from natural gas. 

It is proposed to erect an economic  size  plant,   during this 

ssceetd phase,  provided a  detailed tschno-economic  study proves 

tfcat It is a viable  venture. 
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E- SINGLE-CELL  PROTEIN    (SCP) 

Single-cell  protein  refer« to protein  substance*   produced 

through the growth of  yeasts  or  bacteria  on hydrocarbons or  their 

derivatives.    Commercial interest in single-cell protein for animal 

feed appears to b* increasing.    There  is a  range of > substrates and 

•  variety of organisms used by  industrial companies  for producing 

single-»cell protein.    Examples  are: 

(1) In England,   Imperial Chemical Industries  has  been 

operating   since   1973 a  1000 metric tons per year 

plant growing bacteria on methanol and is planning 

to develop a  major  production unit  by   1978. 

(2) In Lavera,   France British Petroleum is operating 

• 20,000 metric toni/year plant that grows yeast 

oa gasoil . 

(})     te the U.S. Amoco Food« has presumably started 

last (1*75) summer a  10 million lb/year plant 

growing yeast on ethylalcohol. 

(4)     A Japanese  group is designing a 60,000 metric 

teas per  year plant to be operated in Romania 

that will  grow yeast oa normal paraffins. 

(I)     In Italy the first  100,000 ton/year plant at Monte- 

•all« started production last (1975) summer for 

lianicaimica Biosintesi SpA., «sing a process 

éeveloped oy KanegaJuchi oí Japan,  growing 

«•as* on normal paraffins. 



{( .;,  \\.í\,    .   similar   plant  in Sardinia   growing 

y. •. -t    ;M  nui-ri\.il   \>.\r.»fiias   is  due  to  go on   stream 

this summer (1^7b)  for   the   BP-ANIC joint   venture, 

It.nopr itfir.e. 

(7) ft. P.   Also concluded  arrangements  early  in  1975 

far a   UO.00O  Un/year   plant  in Vcnzuela  to be 

operated  by  a   joint   company   (20%   B.P.). 

(8) Ir. tir   Netherlands , Shell  is   constructing  a   pilot 

planr   for  orowine  mix»*d cultures  on methane. 

(9;        At  le-st  five   or  six  other  concerns are  located in 

Japan,   U.S.S.R   and Czchekoslovakia. 

However,   the   Italian   Government  has decided  last  summer to 

suspend tie   production and   sale  of SCP for use  in animal feed as a 

safeguard   per.úm-j   the additional   testing  to establish the   safety oí 

the material   in  humans     .     The   Kanega fuchi process   referred to 

under (5) above,   is said to have  aroused controversy in Japan based 

on charges   that the bacterial strain used  in the  process  may be 

pathogenic. 

Furthermore,   it has been  calculated^—TTlat th«  cost  oí pro- 

ducing  one  ton of protein for animal feed by e.g.   th« B.P process 

amounts today *o  Ì50-400C per ton whereas mere conventional «our ce s 

oí protein  like soybeans and fishmeal  ii>  about   3C0-35O £. 

It is   expected that  by  1902,   the technology,   economics and 

profitability  of SCP processes would have been improved and the 

non-harmfulness   of SCH for human health would have  been  ascertained. 

A feasibility  study   >f constructing an SCP plant is  recommended to be 

undertaken  about   1980.    However,   until wider market*  can be opened, 

major investment s  :n this  area  must  be  approached with extreme 

caution. 
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V.      THE  THIRD PHASE  OF  PETROCHKMICAL 
DEVELOPMENT (1990-2000) 

The  petrochemical  industry  is a  highly dynamic   industry, 

characterized  by a  high  rate of technological change  as   a   result of 

intensive  research  and development.    Many processes  and products 

frequently undergo  revolutionary  changes.     Consequently,   it will be 

rather  difficult to formulate  a plan for  the development   of this 

•tctor  in Kuwait   15-20 years from  now,   and to  project   its  growth 

prospects.     How-vcr,   certain products have become  so  well 

established in world markets that   recommending their  consideration 

for manufacture would be quite appropriate. 

Such products  are polypropylene, palyvinyl  chloride, and the two 

groups  of synthetic  fibres   viz.   the   polyesters and the  acrylics. 

Accordingly,   it is proposed that these would form the  basis  of the 

third phase. 

By  1990 the  percapita  level  of consumption  of plastics  and 

synthetic fibre« is expected to rise  considerably,   particularly in 

developing countries,   as economic  development occurs.     It is 

anticipated that Kuwait's production and export of polyethylene  could 

be doubled.     It is suggested, therefore,   that a second ethylene plant 

would form the basir   of the third phase development plan,   but 

based on propane cracking.     The propane feedstock would be provided 

by the  C3 fraction of the LPG plant (page   10).    It will  be  seen from 

Table  (2) on page 7 that the production of 400,000 tons  of ethylene 

by the  steam cracking of propane,   will result in  142000 tons  of 

propylene.    The following production facilities are thus   proposed:- 

(1)      Ethylene  plant based on propane cracking to produce 

annually 400,000 tons  of ethylene and  142,000 tons of 

propylene. 
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(2) Chlorine-caustic   soda  plant with an annual production 

of  125.000 tont of chlorine and  US, 000 tons  of 

caustic   soda.    217,000 tona of «alt.   and 4)»«iHlon<wn 

«i electrical power will be  required. 

(3) Vinyl chloride (VCM) plant to product annually ^0,CV} 

tone of VCM,  utilising  100,000 ton» of ethylene and 

125,000 tons of chlorine. 

(4) Polyvinyl Chloride   plant to process all the  VCM. 

(I)      Polypropylene plant to produce Í7.000 tema year 

polypropylene from 95,000 tons of propylene. 

(•)      Acrylonitrile plant to produce 35,000 tons of acryle- 

nitrile from the  remainder of propylene  (47,000 tons) 

ano) 20, 000 tons of ammonia (from the fertiliser 

plants). 

(1)     Polyacrylonitrile plant to process all the acrylonitrile. 

0)     HDPE plant to produco «5,000 t/y.    This would absorb 

one ouarter of the ethylene output (100,000 t/y). 

(*)     LDPE plant to prodoce «3,000 t/y using 100,000 tona 

of ethylene. 

(10) Ethylene glycol (MEG) plant to produce  1 IS, 000 t/y 

MEG,   absorbing the remainder of the ethylene 

(100,000 t/y). 

(11) Dimethyl terephthnlato plant to produce t^OO* t/y 

from 60750 tons pnra-xylene, and 40.000 tons »ethyl 

alcohol.   Terephckalic add may be an alternative. 

¿ÊUÈ,*...:,.^*********-., ,...•** .,„.: •.«-,•»..—.        ^J.,»., 
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(12)      Polyester  plant using DMT (or TPA)  and ethylene 

glycol.     Capacity to be  determined according to 

export  potential and  local  Arab markets. 

Emphasis on the   synthetic  fibre   sector  in the  third phase 

•f development is due to the fact that  it  represent»  an important 

outlet for petrochemicals.     For  example,   out of the  total tonnage  of 

ethylene,   propylene and aromatice  produced in West  Europe,   one 

le« In every six currently is used for  production of  synthetic  fibres. 
II) 

Vea der   Ylugt oí Htreculea  Inc.,   U.S.A.   has projected that  by the 

year  2000 the world will  be using S   Kg.   oí fibre  percapita,   made up 

OÍ 2. SO kg.   cotton,   0.75  kg.   rayon,   0.30 kg.   wool and 4.50 kg. 

synthetic fibres.   If, by the year ¿000,   the world population reaches 

4000 million,   then the world consumption oí synthetic  fibres would 

be about 27 million tons,   out of which  1» million tons are estimated 

to be polyester,     li this ie te be mot,   a new capacity every year oí 

400,000 ton DMT and   120,000 tons MEG has to be added from now 

on until the year  2000. 

VI. DOWNSTREAM INDUSTJUES 

Generally.  In developing countries,  petrochemical complexes 

producing basic and intermediate olefins s and aromatice are executed 

by the public sector,   due te the capital intensive nature of petro- 

chemical manufacturing.    The public   sector,  as a principle,   should 

be primarily concerned with those projects which are beyond the 

re son re e s or experience oí private business,  because of the very 

largo investment involved and the nood of massive infrastructure to 

•apport such project*.    The fact that such projects are executed by 

the public sector does not mean that they need be entirely Govern- 

»d.   In fact,  in the case ed Kuwait, it is recommended 
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thaï   :.>M,-'   .iitern.iiJiu,   chemical  company b«  ¡».»sociated with the 

piojc-ct   it   .i   foreign equity  partner.      In this way.   the considerable 

organizational  ¿nd management retour cet oí the  international  company 

ii  committed to the   r-pid  and economic  implementation and ope ra- 

ti un  of the   projet,   and  to  the marketing ol iti   products. 

On the other hand,   all activities that can  be safely left to 

private   initiative  should  be   left to the   private  sector.    This it 

particularly true  ol the downitrtim  industries (cr  the tertiary 

J(   .        -<•  •   •-    v...„ :,   -^ ,uch ¿,  plastic products,   synthetic fibres 

and r.bber   ¿jrodxKts.     Development of  the tertiary   sector  has the 

adv*ntige  that it  a  easier  and quicker  to carry out,   and  provides 

opportunities for  private   sector investment.     Economies of seal« 

are of less importance for the relatively inexpensive plants 

involved,  as compared with the highly  capital intensive basic petro- 

chemical plants.     Accordingly,   several such plants can be  installed 

by the  private sector to  serve the local Kuwait market and the  markets 

sf other  developing  countries. 

In general,   in evolving a  strategy for petrochemical 

development,   great caution must be   oxcercised in implementing 

projects that depend heavily on export  for their viability.    Evo» 

with the involvment of an international  company,   difficulties in 

export marketing might  arise in the  future.     The large petroche- 

mical plants must,   and better sooner  than latsr,   have an established 

and growing domestic downstream market to support them.     Since 

the Kuwait market is too  small to support a fully integrated petro- 

chemical complex,   either now or in future,  the prospect* of sotting 

•p downstream industries as joint vossturss in various Arab and] 

other developing countries, having Urge demands cd producta,   must 

be seriously considered.    The Kuwait  privat* sector should bo 

encouraged and motivated to participate in such joint-venture* with 

small and medium sized companies  im ths Arab and developing world. 
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I lieti «samples of tortiary   sector industriel that 

C««M IM osami»«* a» iavostmest Opportunität«   in Kuwait or a* joint- 

•«Ioni ••road.    It ia quite likely that  many  entrepreneurs hav« 

alroaely Initiated effort« in planning  or   implementing som«  of them. 

It fMS without   saying tí at th« development of  the tertiary  sector 

l>nH immediately start «ne continue   step by  step throughout all 

taro«  phases of petrochemical development in  Ku vait. 

.-¿J*LZ***í^.*L~L~.-—. : ,.    .       .,^.^,^..^^—„.-„... , ~-_ 
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APPENDIX     I' 

EXAMPLES OF TERTIARY SECTOR INDUSTRIE» 

LDPE      fertilizer   sacks 

LDPE      shopping ba*s and transparent packaging 

Sterilized plastic (disposable)) Syringe» (HDPE or PP) 

Plastic  houseware  and toys 

HDPE bottles for milk.   edible  oils,   and household chemical* 

j-nnr   r"t  rrjblt» pallets and  specialised trays for inter •company 

•nipping 

Plastic footwear 

Plastic drums  and  shipping pails 

Polystyrene polymerisation plants 

F'olystyrene cups and packages for  Yoghurt and] ice cream 

High Impact polystyrene for refregirator parts and otker noneohoid 
appliances 

Polystyrene foam for packaging 

Insulated electrical cables 

Automobile and bicycle tyres 

Mechanical Rubber goods (belta,  nose«..) 

Plastic pipe a 

PVC coated fabrics 

PVC flooring 

Plastic electrical conduits 

Polypropylen« fibres by melt spinning and fibril latin* (fibre fila) 

Polypropylene carpets 

Acrylic carpeta 

Acrylic yarn for knitwear 

Knitwear and textile plants using polyesters and acrylics alone o* 
in Mends with cotton and wool 

Acrylic fibres from polyacryloentrile (wet spinning) 

Pntnalic anhydride 

¿¿EamáEmi¿í¿+L-.... _^.-,__  __ •_„„,.• A.-A..,,...,.    ._.^..„^._.._^,..iakJJMtil^ia^ 
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PUsticiiers 

PVC compounding 

Alkytf retins for paints 

Unsaturated polyester resins 

Boats,   corrugst"d sheets and furniture from polyester resin 

reinforced with glass fibre. 

Lew eoet houain« of polyester reinforced with ?1*3S fibres or 

ether local fibrea 

Hl/prooylone woven seca (jute replaeenent) 

ier/lio blankets 

1 ......_,,...,,,  . , -, i. iiiM, .i,.,,,„i .iHiÉiiaÉtÉiiiiiii ii iiiilii  .,..,..-...,,.,..   • .,,,••   ...  .   ,   _ ^a 
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APPENDIX    Ili 

OF    CONTACTS 

irt During thff mission discussions as*  .:o«sulUtions woi 

IMM with th«  follow n*:- 

Miaistry oí Comma re« and Industry: 

.      Mr.   I!oh     «d Maéoh.       Aaniotant Unat r sac rotary 

for Industry 

Mr.   Isaa Ai-Maaid». Wroctor Industrial Dovolor» 

SMISI and Cansultiag Baron« 

(IDC») 

.     Miss Sauad Menato. Cnoiwical Engiaeer <IOC») 

Ministry e< OU: 

•      Mr.   Ali Massa» Al- 

Mr. Mantee** Fifcry. 

Director. Technical AJUirs 

Denertmaat and Dopate 

Cnairmaa. F1C 

CeeAreilor mi »roeas sia« 

•M Eapet.   TtcHnácal 

Affairs Department. 

Petrochemical ladtoetrit» Company: 

Mr.  AM>1 ftae> Al- 

itali ri. 

Mr.  Amir Bene* na ei. r. 

Cnairmaa and MaMfte« 

Director 

to»tor Corporato  Flam 

Plasming and Dovélesenos* 

ItevaM National Petreleeaa Cemanay: 

.     Mr. KfcaUl El-Kkelal.     Maaafiaf Dirtcter ei tne 

RaiisMry 

•^láHtaaiMiMMM •tllAMIIIMáHI 



T 
•    4* 

Mr.   Mohamed  Baki, International   Marketing 

Department 

Mr.   MosUia  Al-Imbaby,   Senior   Pioceta  Engineer, 

Refinery 

rial Bank of Kuwait : 

•       Mr.   Lucien Toutounji,       Investment  Department 

Manager 

Dr.   Abdel Menem 

Obnra*, Chemical Engineer 

Org» »i tat ion of Arab Petroleum Exporting Countries 

(OAPEC) : 

Mr.  Ahmed Neair Director,  Technical 

El-Dec«, Affair • Department 

Mr.  Mostafa Bor nam,        Petrochemical Section, 

Technical Affair s Department. 

thtlted! Natio«! Development Programme: 

Mr.  Kfcalid Al Yassir.      Resident Representativo 

•      Mr. AVdalla Abdel ienier Industrial Develop- 

Wehab MM rielé Adviser 

Vasto« Nation« Industrial Development Or gami satis« 

(VNJDO): 

Mr. Mohamed Khalil,        Project Manager,  IDCB 

a»d the team «f UMDO expert• of IDCB. 

The iafermation provided,   and the free and ope* discus - 

•IM with oil above parties is sincerely appreciated. 
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