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The monetary unit in Kuwait is the Dinar (KD), which is divided
into 1,000 fils, During the period oovered by the report (Deo. 1977-Jan.
1978) the value of the Dinar was in relation to the United States dollar
was $UIS 1 = KD 0.284.

A full stop (.) is used to indicate decimals.
A comma [,) is used to distinguish thousands and milliens.
1 Gallon (imperial) = 4.55 litres = 0,0046 m°.

References t0 "Tons" are ¢o metric tons.

Mention of firm names and commercial products dees not imply the
endorsement of the United Nations Industrial Organisation.
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INTRODUCTION
The Industyial Develcpment and Consulting Bureau was
established 1973 in collaboration with the Ministry of Commerce
and Industry in Xuwait and UNIDO/UNDP. It is primarily concerned
with promoiing inveatment oppertunities in industry by identify-
ing viable induntrial projects through carry‘ag out feapibility
studies and evaluating those submitted by local entrepeneurs,
a8 vell i asaisting Industrinl Affairs Department in other

devclopment objectives,

Kuwait is one of the major oil produeting countries,
revenues from oil constitute the majority of the total revenues
of the country., Ito per capita income is one of the highest

in the world., Among the objectives of the country's develop-

. ment policies the diversificatiorn of its egonomy is an important

objective, The mubetitution of locally manufactured goods for

imported procucts, and the establishment of viable industries

in this coanection is recommended.

The Industrial Development Committee has granted licences
for the cstablishment of certain projects for the production

of shoes and leather products,

This report covers a study of artificial lemther and the

feacilility or ita production in Kuwait, The stu’y, oxeouted
by UNIDC « praject TF/VUW/16/001/11 <05/A/32.1.H - commenced

on Decomher 4, 1977 and ended on February 1, 1978,

The Job Dineriptiorn is attached as Aunex 1,




SUMMARY

A feasibility study of the manufacture of artificial

leather Las been carried out.

Although the officinl statistics in the field concerning ‘
imports and exports is difficult to penetrate and at analysis x
often leads to perplexing results, and no statistics exiats
on looal production, estimates have been made as to actual and
potential concumption of different kinds of artificial lecather. ;
This market research has been carried out with the aid »f
government officials, importers, wholesalers, retailers and

mnufaciurers at numerous interviews and discussions,

The consumption at local Mufacturing units of artifi-
cial leather of the coeted fatric type seems to be roughly
23 000 m? per yoar. Other types as zoated paper and homo-
genous PVC sheets, 5 000 and 2 000 m? respectively, are of

less interest,

If new manufaciuring units for shoes, handbags,

suitcases and so on were started, a potential consunrtion of

»
about 1'5 ¢ vt could bo envisaged.

- :
A review of different comuoaitions and production

techniques reveniog that porcmevics, the very loathep-like

u TG 1 o
PPer mwitcerinln with Ligh air angd wator vaner permiability
2 - ?

on o : : 5
n one hand apd the siaple plastic shevts on the other, were
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hardly possible as products to be manufactured.

The only real vossibility appeared to be the PVC coated
fabric., Production methods ard a production line for this

type of artificial leather were out-lined,

Caloulation of the break even point, however, rér
a production at lowest costs and highest possible sales price
for the artificiel leather selected as protoype, ahowe'd a
necessary volume of at leant 500 000 m?per year. Comparing
this quantity with those actually used or potenially posaible,
it is judged impossible to sell this amount, cither loocally
and/or at export, and the project was therefore found to be

sconomically not viable.

Por cbvious reasons no further studiss as to oash flew,
finanoing, looslisation etc, were made.

It is recommended that proposals for & production of
artificial leather in Kuwait are discouraged for ‘he time
being.

e i e e o e i AN
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FINDINGS

§eneral Commentg.

The term Ag;;;;g;g;_]gggggg is somewhat ambiguous,
having a different connotation to different people. It might

mean reconstituted leather, i.e. shoet materials primarily made
of leather fibers, It might mean only those materials that
aspire to possess all the desirable properties of light upper
leather, e.g. the "poromerics", the generic name minted for
loather-like materials, which show a high air and water vapor

permeability. Or, it might mean any product with a leather-

like surface, and so on. For the purpose of this study the
tera is used in ite broadest sense for any man-sade material

used as a substitute for real leather.

isather itself is one of the earliest products dcveloped
by man, The craft of processing hides and skine into leather
has its origin in pre-historic times, making tanning one of
the oldest occupations existing. During the time elapsed there
has been developed a great number of different leathor typcs
with great v.ri.tions in chemical as well as physical propcriien,
gome of thesc propertirs to be fourd in the very 3ifficult 4o
appraise arca of appearance and feel, which depend on individual
Judpment, In fuct, there are fow matoricls that can Lo brou::t
through different proucesing techniques to exhibit so many

different and excellent propcrties as can leather.
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Soon the search for gubgtitutes for jeather wae ntarted,

With the appearance of textiles mont of the clothing scctor
wag taken over by these mterials. In certain cases, however,
as for example for footwear and travelbags, thg propertiea

of leather, copecielly its toughness and surface abrasion

resistence, werc impossible 1o reach.

Jome of the required characteristics could later be
obtained, when plastics began Yo appear, One of the first
example was for hook coverings, where the surface ahrasion
resistance ig of importance. So it wes, that paper coated with

nitrocellulose {collodion, pyroxilin) which has an unusually
good ebrasion resistance, succecded in capturing n great part
of this hig and growing market. At the same time it was
probably the first leather lubctitute‘in the modern sense.
Pabrins cnated in the same way were soon also used extensivoly

for upholstery in public places, as for example in cinemas.

$t11)1 later the development of new piastics and
capecially the introduction of plasticized Polyvinyl chloride
(PVC), meant a proliferation of leather substitutes in almost
all ficlds, including scle and upper materials for footwear,
In the casc of handhags, travelbags and similar articlcs,
FIC~contod textiios tave more or leas captured the whole
market and only in the high-priccd sector, where quality and

fashion nrc of decisive importancc, 19 ratural leather still

preferred,

i e i
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As indicated, the popularity of natural leather ie
meinly due to the comhination of sev-ral desirable propertiest
attractive appearance and feel, high strength and toughness,
eoftness when required, high water absorbtion and water vapor
transmission ete., Some of these properties can be duplicated
and often improved upon, but it has becen found extreemly difficult
to reproduce and combine all, or most of them, in one artificial
material, Leather is built up of in the tanning croea—liﬁked
protein chaine that form small fibers, which in turn are bundled
into thicker fibers and so on up to those directly visible by
the eye. These visible fibers do not have any loose ends .
they start and end up as branches of other fibers. "In thie way
they form a continuous three-dimensional network, which,however,
slovly transforms itself into & more and more two-dimensional
network the closer the upper surface (grainside) is approached,
To this purely bio-physical feature much of the high quality
performance of leather is attributed., An artificial leather
on the othcr hand consists of one or several layers of more
or less homogencous materials, The combination of several
layers makes it possible to arrive at properties, that one

homogencous material would rnot bLe able to provide,

mggg ion of Artificial lcathers

The most nimple type of artificial loathor ic a homogonous
shect or thick film, the surface of which has been made to
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look like leathcr by embossing it with a so called grain pattern,
e design that imitates thc pores, wvrinkles etc. of a natural
Joather., The sheet is usually solid all through, but .n more
advancad products it might be porous, containing alarge amount

of small air cclls,

As to the chemical composition many types of plastio
materizls have been and are being used for this main layer
or coat. Nitrocellulose has already heen mentioned for
thin coats on paper and cloth. For poromerics, polyurethanes,
dissolvable in dimethyl formamide, have been employed in
most cases, as has two-component types of polyurethanes for
thin, durable contings on 1ight and soft textiles. The bulk
0? tho materials used for this purpose, however, is made
up of PVC, the greater part of which is plasticizcd with
dioetylphtaletes to which smaller amounts of other platicizers
are usually added. Colouring pigments and auxiliary chemicals

arc aleo incorporated.

The polyurethanc, made into a paste by dissolving it in
dimethyl formamide and sprnad uniformly on & conveyer,
will cosgulate when immerscd in water. The selvent,
completoly iacible in water, is removed by prolonged
washing, leaving a network of open microperes in the

polyurcthanc,
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In the PVC, the pores, either closed or open as
required, erc usually cbtained by using chemical olowing
agents, which will dccompose and producc gnscs during

the heat-treatment (fusing) of the PVC layer.

For reinforcement or for imparting new propertics
the shect or film or coat can be provided with a Yagking,os
e rulc of some xind of toxtile, but occasionally of other
materials as paper or plastics, One or more intermecdiate

layers with specinl properties might also be added.

Structurally the textile backing can be of scveral
kinds, PFor heavy purposes woven cloth is often preforred,
but for medium to light wares knitted fabrice are more
common., lately the s0 called non-wovens have gained in
importance. Most of thesc are produced by piling carded
fiber webe {0 form mnts of required thickness. The mat
is immersed in a bath containing binders - usually of
acrylics - which are coagulated on to the fibers,
Preesing and drying the continuous mat will complete the
procese, For added atrength the thick web befora being
impersed might be punched with harbed necdlcs in a loon,
This treatment will force a certain amount of thc fibers
to 2aroume n vertiecal position in contrast to ti2 predomi-

nantly horisonial dircetions of thc mnss of th fivers.

Whon using polyurcthancs as tinder, the method deseribod
above using a solution in ’imcthylformamide will rosult

in & very full-bodicd, strons and leoatherelike composition,
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The fibers themselves can also b of many kinds,
nntural fibers of wool and cotton as well ns man-mado
fivers of nylon, aorylics, polycstcrs, rayon and 80 on.
Very popular for non-wovens is o blend of polyester and

rayon.

In morc sophisticated matorials a thin goat of more
or lrss contrasting color 4o the one in the main body is usually
applicd to the top surface. This will give more life to the

product avoidinz to a large extent the mo called plastio look.

The contrasting color is ir general obtained by
applying a solution of aniline dyes and a bindcr., Oare
must be taken that the binder iscompati bic with the main

coat forming a strong bond between the two.

Pinally another $pp coat might be applicd to protect the
contrasting color or to give the surface speciel properties
such as a dry or waxy fcel, high abrasion resistance, solvort

resistance or eimilar,

Aorylies are used extcneively as top coate, but reoent
devclopmente seem to indicate, that specinl polyurothane
formulations will be =till morc popul-r.

The Locil Morkos.

- In ordar ¢ .o 3s the vinhility of 1 production of a certain
mnterinl, i.¢. in this ense that of nrtificial leather, 1t is
of acuvrac necaseery to detormine itas actuul, local conaumptioﬁ

28 acwratcely ae voseible and nlse its futurc, potentinl usc.

o ap——




For this purpose roasibly relevant statistics were
compilcd, inoluding those concerned with natural lcathers, as
these and artificial leathers to a certain dcgrece arc intere
changcable, The 3n90rt/impor£ figurcas for the sclected
commoditics are shown in Annex 1i. Unfortunately the quantitice
arc only given e8 weights (tons), which in almost all instances
are very difficult to relatc to requirad'area, or pieces (bags,
furniturc) or pairs (shoes), which later information could
easily be transformed ihto area. Tie groupinge of most of
the commoditien are further-morz very large, often bringing
togcther disparute producte or articles of very different
compositions, sizea end uscs. An effort to get morc details
through a study of ® gsample of the basic, astatistical materials

in the ministries conserncd proved unsuccessful.

In numcrous intervicws with importers, wholesalers,
retailers and murufacturers the figures, however, were checked

and rochecked in order to improve on the details.

Oombining the information obtained in thie manner and
thc officinl statistice and also taking into account the very
speocinl conditions that characterize the general market in
Kuwnit, on asseesmcnt in rough figurcgof the octunl and poten-
1171 o oy ¥oon mnde,  In practice the main products,
waich arc or could vc mede of artificial lcathor, have been
examinced carefully and their quantitics in rclevant figures

have Yoen coatimated, It is obtviocug tunt these fimuros arc
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vory approzimative indeced, but they will still serve as an
rccoptable breis when later considering the viability of a

ranufacturing unit,

As to thuc genoral market the total population in Kuwait
is slightly morc than onc million people, abdbout half of whom
arc Kuwaiti citizans and thc rest cxpatriatcs, who have come
to work for longer or shorter periods, The per ocapita income
is onc of the highcet, if not the highest, in the world, which .
fact cnsurcz a very high purchasing power. The expatriates
buy many commoditice in excess when they are going to visit
thoir own countries in which usually, duc to lack of forcign
currencics, there 18 a huge demand for many srticlcs.

M .8t of thcse purchascs seem to be for watchos, ocamerns,
transistor radios and similar products, but also articles of
leathcr ¢ leather substitutes are involved, such as footwear

and suitenses.

The imports into Kuwait are completely froe and the
oustom dutice are low, 4% of the CIP value. Articles aanve
facturcd locally usually onjoy, however, protcotion with import
dutics being applied on such products at the rate of 10 to
30%, depending on circumstarces and on how important the

Gov. rrumnt fil%e *tho local production,

8one part of the imports is almost always rce-exportud,
in most cnoes to Soud Arabia and the gulf states, There s,

however, . very clear trend for a dcoreane in thesc re-cxports,
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due to the growing import activitice in thosc countries
themselves., The products now ranufactured in Kuwait on tac
oth¢» hand, 2lso saem to onjoy &8 good acceptance in those

ocountries.

There is at present nc local production at all of
Pootwegr in Kuwnit, BSome rcpair-shops exist, which mainly are
attaching new soles to old shoes, The government haw issucd
a licens for thc establishment o? a shoe factory, which, in
technical ccoperation with a eurcpean company, is planninrg to
produce ultimately about onc million pairs of men's, ladics'
and childr=n's shocs. From a material point of view the
uppers will be all of leather, the soles will be approximctcly

half of leather and half of synthe-ics and the; linings mostly
'f leather, although synthetic mat:rials will probably also be
Ved to a ocrtain extent. Bised ujron the import statistics

8t the intervicows within the trade it is eatimated that
betven 2.5 and 3.5 million pairs :f all kinds of footwear

are 8)d y~arly., Bxcluding the i-jection molded, 211

plasti 3 sandals. 95% or more of t-e choes arc made of leather,
164 the uppers ere of leather, Crly vory few uppers of arti-
fleial len hor wern found, but amc'ig those th: %wo main types
vere repreacated, ordinary ccated “sbric as woll as poromcrics,
M8t lirings wore of leather, bit in the aoles, platting ond

Mbher acemed 10 be slightly more sommon than 1eathe o,

Altaoug:

it tho vorld's 2noe praduction synthetiec leather
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suhotiiutes are absolutely ncerssary and ccrtainly will inerecasc
coraidorably in both aboolute and reclative volumr, it is
unlilzely that thesce matcrinles will inorcase much in the shoce

importcd ¢» t¢ be produccd ia Kuwait,

Taking a8 meny of these factors as reasonably possiblc

{nto account th: following cetimates of the yearly consumption

were rrached! Irather substitutes

tod ACOUS
Ratimntos in 1000 82; loathor Paremcrics BUDELGY | Suchs
From

Footwenr lmporte

pers 600 10 10 ]

Linings 300 %0 10 ]

Sol.os 80 - - o

legal Produgiion - - . .
Uppers 200 - - -
Lininge 00 %0. 9 -
Solos 20 - - g

Almost all the Sarsepis ®cld of leathor-like matorinle
are madc of real leather and this will probably aleo hc tho
case in the forceccable future, The total volume is sanll
and the quantity of those made of coated fabrios arc totally
mrogligible,

The v =07 2 leos of Handbaygs ecem t0 be in the range of
150 = 250 000, About half thc quantity s.cms to be mnde of
lonther, which 18 a high pcreentage, duc probably to tho
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extraordinary purchasing power in Kuwnit, which
eircurctance tends to favour renl lcather rather than artificial
micrinle, The quantitics indicate 2 consumption of roughly

40 000 m2 cach of leather and artificinl leather,

There 48 no local production of handbags and none
contemplatad, If 2 manufacturing plant werc cstavlizhcd, it
would probably rot be able to eapturc more than say 25% of the
loral) markct., Add an cqual quantity in exports and a possible

consumption would perhaps amount to 20 000 n2 of artificial

leathere and thrsce in soveral varictica and colors.

8014 mainly threugh book stores §ghool Bags in Kuwait
is a fairly important merchandizc, Rach child scems to get a
new bag for cach school year and conscquently the very high
yearly consumption of 260 - 350 000 picocs as irdicatcd by
the statistics and the intervicws might b reasonable, Leather
and 1ll kincde o® nrtificial lcathers arc reprosont-d among
the matcrials uscd for the bags. Mainly duc to 1te chcap price
and evidontly etill acceptable performance, the moat common
matcerinl uscd in o plain, relatively thick PVC sh-ct (without
backing ) cmbosscd to simulate a2 leather surfacc and, with
meacrsary agocsscrics, formcd by high frequeney welding into
b Bome 807 of the markct seem to be captured by these
typee of mitorinls. srout 5% are prohably oY Teathey whils
eomc 15 7 would e made of conted fabries.  Aprarentlv there

sccms to he 1.tt1c reason for o subst~ £4al cnnnee ie Yhin
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ortyinz pattern, A consumption of about 150 000 n? mhoct
raserinle and 25 000 mé conted fabrics scems indicnted,
There is no local production and none contemplated ot
’

the roment, If such a proluetion unit hnd existed, probtably

almoot tiae total amount of sheet material, i.c¢. about 150 000

‘m?, und sone 10 000 m? ofdifferent kinds and colors of artificial

leathera could b nhgorbed,

Pviduntly duc to the oextensive travelling by almost
nll scctors of the public in Kuwait, Buitcasca znd other Travel-
£90ds arc comparatively big articles, It appears that 350 =
450 000 picces of suitenses ar: sold cach year and this volume
will probably be maintained for gquitc some time to comec,
Rocently, hovover, thore has boen a change in the buying
pattern, Not mnny years ago most of the suitcasca wore made
of herdboard and later predominantly of heavy, coatod fhbdrice,
Today thc trend is towards fibrrglass reinforced plastics
(polyceters) which can be molded to give stromg and ahrasion
resistant cascs, c.r. in samsonite and similar brands. Harde
board and renl leather arc of course still uscd to somc cxtent,
Wt ronlly only marginally, Coatcd fabrics prohably do not
agsount for morc than about 50 000 piocecs, which would indicntc

it 4,'fsa~‘?,i i, A S ~‘ .106 Ao ."12 p\l‘ Jonm,

There 18 no loeal production and a0 fap ponc is undoe

Clgcusatlon, .ie caleulated carlier, ¢ such A production
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existed, p-rhaps pom: 50 000 m2 coated fabrics could be absorbed

every . ur., tut tpis spoeial markct might e decrensing.

w

Furnitur~ manufacture is the only industry activity in
Kuanit that actunlly uses any real quantity of lcathcr and
artificinl 1 ather. Mgt of the t‘urniturc aolAd is, howcver,
stil] importcd, olthough thcre is a 15 ¢ customs duty tonid
" in protectirvg the local industry, It {s cstimated that only
about 40 7% of 4lic total furniture sales are produccd in the
country and this percentage is growing mut slowly. Thore are
scveral factorics, but few of any size., Most of them produce
only textile covered furniture, Leather is used very sparingly,
in most ciuscas for exclusive officc furniture, and the yearly

consumpticn for this purposc does proba-bly not exocced 2 000 m?

vhich amoun: when 1lso consideoring some other amnll uscs scoms
to agree fairly well with the amount of importcd finishcd
lcather, 4ileo the artificial leather is used mainly for office-
type furniturc. For home use the public prefers textile
covorings with exception for certain kinds of kitchen furniture,
In totnl some 3CO - 400 coo m2 per year of covering noterinle
saen to be uscd in the loenl procduction plants, btut ¢f this
quantiy only about 20 000 me s madc up of artificial lcather

and thie cmount is not cxpceted to inercase very much in the

e . B .
iur .

Some 25 - 35 000 lotocar S ot govers nr. dmrartod cach

year. Most of ¢rom oare mde of toxtiles ae the public from A

eomlort roins of vicy prefars these to the artificinl 1 ather
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with tta cloncd surface, Only for more hcavy duty purposcs
are the scatcd sabric typens being used and it is estimatcd
that about 5 000 nicces arn of this type, vhich is oqual to
some 10 000 r? of artificial lcathcr. No incrcasc in $he

use of this type io expcoted in coming ycars.

There 18 no industrial production of seat covers in
Yuwait and none under consideration, but most auto repair
shops will make up new covers, cither to replace damaged or
worn out or to protcot new ones, Again moet of the covers
ave madc of textiles, but 2 - 3 000 scem still to be made out
of about 20 different kinds of artificial leathers, which
vould roughly anccount for about 40000 @? of those imported
as such. Homoauneoussheot materials and coated fabrics appears
each to ncoownt for approximately &alf of the total,

A small amount of artificianl lrather with a paper basc
18 used for Mgtobook Coverings. Onc manufacturer has beon
using about 5 000 m? a ycar and will probably inereisn this
amount to tho dcuble or more in years to comc., The quantity
used on imported books, notchookes and similar articles are
impossiblc to cstimate, but an upper limit would probably bo
aome 25 000 m? for this purposo,

Loathore 2nd Artificinl lenther aisc nave aovoral Qther
upes sveh ar for wallets, helts, deek 1eccessori-sg, table tops,
vall soveriiags and 5: on,  Some of theee products ro alrendy

nsgaountcd Jor abovet the quontitics uscd for tabl. tope arc,
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for cxamplc, includcd among thosc for furniturc, just as
wallcts and beltes arc included among handbags. The additionnl
quantitics consumed by the rcst of theso products are very

pmall and for th. purposc of this study thcy arc neglcetod.,

The import of leather and artificinl Jeathor ns sueh
seom to corrcespond fairly well with the usco as aprcificd above,
at lcnndto the degree that can be expected in these very rough

catimt g,

In 1 000 m2 . Cont.d Coated Homogcnous
Por mcrics ‘
e - e 2BRTACS  RARGE T

1 Total quantitice as

Othor uscs
In total roughly

uscd in
Shocs 60 20 - 110
Gar.onts - 0 - -
Handbrgs, ctc. - 4C - -
School bags - o} - 1%0
Suj tcascs,cte, 0 100 - -
Purniturc 0 20 - -
Mctorear seat covera 0 10 - ]
Rotobock coverings - - H -
0 0 0
ol L A ] é

11 Quantitics uscd in
actual loeal production

Purniture 0 20 - 0

Rotorcar aent covers, O b ) - 2

Notchook coverings - - | —
Ir total roughly 4 &3 5 )

111 Tr-dcetcd*oneaidble ume

Lol pro cantier

Jurslinre 0 2% -

Motoear st Covers 0 5 - 5

Mot hork coverings - - 10 -

Shors 50 2 e =0

Ta tetll rougenly 50 35 10 55
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IV Addcd potcntial ** use
in loeul production
Schocl bagn 0 10 - 1%0
Hondbaga 0 20 - -
Suiteascs n s8N - -
In total roughly O | ) - o
VvV  Totnl Potentinl use
in loenl production ‘ '
( 211+ IV ) 50 115 10 20%

Notct 9 indicated acgliaible, and - no quantitics at all.

* Total possible usc at present or pro jeetcd factovics,
including a shoe factory liccnsed for production, probably
to start operation inside 2-3 ycars.
#+ Supposing that production unito arc creatcd in these
arcas, but without any assuranec that thoy would be
viablc as such.

Broduction Bothods.

Hore no proccssing mothods or equipment for the production
of tocking matcrials will be treated. Woven or knitted fadbrice
and also non-wovens of diffcrent kinds are spceinlitics of the
textilc idustry. Soame very large, integrated coNneerns proe
ducing both textiles and conted fabrics will themsclves make
the backings, but this is unusual and in most casca the artie
£ icinl leathor producer will Sy the backing matoriale ready

to be uped directly in the laminating opcrations.

Similarly the production of poromcrice bascd on poly-
urcthancs will not be discussed here, The possibility of
star .ar cu o on oonoocteringtin Xuvatd from scrateh in very
romotc, The mochines for this purposc arc not normilly

available on the market - thcy ave fairly simplc, but usunlly
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custenbuilt and the problems cncountered arc more rclated to

the »ro-casing tcchnigue than to machinery.

Goncrally the methode to produce nrtificial lceather of
the moat provalont types can,be divided into two main groupa:

O-uondering ead Coating.

A calondering line will normally consist of a Banbury
blencer or similor and soveral two-roll mixers, which will
continuousiy foed a big calender, whose 3 to 4 highly polished
cylinders arc plnced closecd together in a 2 or inverted L or
oihcr arrangement. The cylinders of mixers and calendcr are
heated to temperatures of 150 - 200°C in order to heat and
fuse PVC, platicizers and other ingredicnts to a homogencous
mnas., From the mixers 2 fused strip is fed to thc calender
and spread thcore betwecen the cylinders to rcquired width and
thickness, Clcsc to the last cylinder is usunlly arranged
an emhoosing cylinder, which will press a leathor= like design
into the still soft sheet emorging from the caleuder, After
pasaine between cooling cylinders the shecat is wound up for

doapatching.

Betwecen the calender anéd the cmbossing station ean
also he arranged a laminating cylinder to which can be fed
a toxtil, dackin. made to noner - strongly to the still soft

PYC motorinl,

By mixire into the TVC blond ~ hlowing ~gent nnd

1 suitnblie Xieck:.: = 2 chemieal that haelps in repulating
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the dccomposing - ccllular PVC can also be produced on

the ealender.

In a scparate "printing" machine a contrasting color
can be applied to the upper surface and also, if oo re~-

quired, o top coat.

The production capneity is very high. It is not unusual
to find epccds of the matcrial through the calendzr of up
towarda 100 meters per minuto., With a width of say 1.5 meter
and workiag 3 shirts, which is very common for this typo of
production, the theoretical capacity would be over 50 million
n2 per year. The investment is, howcver, also high. A medern
calender runs into several million dollars without the ausiliary
machinery. The major pert of upholstery for autos is produced

in this mannar.

In recent yoars a variation of the calondoring mcthod
has gainud much intercst. By this method tho PVC compound
18 intr dduccd dircctly to a 2-roll oalender of special
construction with a very high heat transfer poerformnnce,
T™he compound is heated, fused and calendered to requircd
thickness in onc pass, Emhoseing and laminating ocan be
inzcry-orated and cellular products can alao bu produccd,
The speed is of course ruch slower, Lut the cost of the
machine ie also much less, 8till, the techniquc docs not
eanily lﬁﬂdkitsclf to such arcater varintiocrs in the ond

products, whieh usually are noeocss.nry for a rclatively
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emn1l production, that cannot competewith thc massproduction

from the large calenders.

The Conting is fundaméntally done by spreading cvenly a
viscous pnstc, pourcd on the moving band of the materinl to be
coated, in passing under a wide, straight and inflexible knife,
which is presscd down against the band., The band is supportcd
and rade to move by a series of rolls and cylinders in the
coating linc. Many diffcrent arrangements as to the position-
ing of the knife, also in relation to a supporting cylinder, are
possible. Very thin or very thick coats can be applicd.,

A modern development is the reverse roll coater. In this
machine the pnste is first spread thinly on a highly polishcd
stecl cylinder from which the paste is then tranaferred to
the band to be coated, which is moving at a relatively much

slower specd. In this manncr, by packing the paste on-to the

vand, very unifora coatings of widely differont amounts ¢an

be applied.

The paste can he a solution of resins in organic
solvents, as for cxample nitrocellulose (pyroxilin) in
aloohols and kctones, in which case the solvents have to
be ovaporatcd which is usually donc by passing the band
through a drying oven. This leaves a dry, 30144 conting

on the bhacking material.

Or, thc paste can be a plastisol, usually made by dig-

porsing an cmulsion PVC powder with other ncecasary in-
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(refionts in the plasticizers. The PVC plastiasols aeccount
for the overwhelmingly greater part of coatings produced in
this mannoer, After being sprcoad the cont has to be fused,
which azain ia done by pasairg the band throuzh an oven,
but this time at a much higher temperature, 160 - 1800C,
Afte:r coolirg, the coating will have changed into the familiar
dry, occlid but clastic fqrm. Cellulryr products with good
control of the porc structure arc also relatively casy

to mroduce in this way.

The method deseribed is the direct gosting method,
After winding up tho coated fabrie or paper or whntever it is
in rolls, thc materic is usuilly processed further by
imprinting 2 grain pattern onto the surface in an cmboss ing
calender and then by printing or sp?aying o a contrasting

eclor anéd or top cont,

Jy the indirect or trapgfor ganting mcthod a spocinlly

preparcd paper ( usunlly eilicon coated) is uscd as the band
ontc whish thc paste is epread. The backing is laid on the
ooat with tho aid of a laminuting eylinder before énterinﬁ
the fusing oven. After cooling, the relense paprr and eontcd
fabriec arc parted and wound up scparatcly. The papcy ean be

und severil timg = up Lo il agscs or mor: arc net uncommon,

The method 2llows for many varintions in the cnd productsa,
c8pefally If mire than one conting atation 18 curloyved in thr

linc, whiew ‘8 normnlly th case,
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Tho releasc paper can bc smooth or cmbosscd with on
invorted grain dosign giving a very uniform and stablc
surfacc to the artificinl leathor, This fcature is very
important, particularly for cellular coats, as n lator
cmbonsing in a speeinl calendar can bc avoidcd., The heat
and preasurc nccdod for the embossing have a very adverse
cffect on thc pores, cspec xaliy if the porca are opun,
intendod to import a high air and water vapor permcability
to the coating.

The laminating systes permite the use of very light-

woight and open fabrics of nlmost any kind., Knitted ' ;
wares or very thin non-wovens are for obvious rcasons
impossiblc to coat dircotly, but are easily laminated
in the tronsfer coating systea,

Using scveral coating stations in the linc, a eomplcte,
fairly sophistiocntcd srtifieianl leather oan be produccd

in onc pnse.

T™he cropreity of the knife conting machine as well as the
rovorsc roll coater 48 quite high, allowing fairly high apceds
in hoth tcchniques, Tho decisive factor is usually the fuaing
~apacttv, Th 2 medemovan the required fusing tisc is roughly
onc minute, [.i. thoe longth of the mrin fusing ov.n in metors
will npproximitel; @ive the possitl: through apoc! of the
eonted mnterial in motore por minute, Speeds of 29-30 m/min

arc often uecd,
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hinery Considorations.

From th¢ forcgoing, comparing tho potentinl murkot nnd
4vs mackin~ eapacities, it is cvident that and artifioial leather
productior in Kuwnit on a hig calonder linc is out of the
qucstion, 1f the production is not intonded in cffcet to ho
gold on the export markqt., Having no natural sourccs a¢ all
for such a production - inderd everything ma to be importcd
rxcopt capital and fuel ¢ 31l ruw matcrials, backings as woll
as PVC, plasticizers and othor nacossary chemicals, machincry
and know how a8 to technology and markcting - it is prootioally
a cortainty that such an undertaking would be an econemical }

f‘ilﬁ!‘a . | i

the production must in principal be based on the nceda of

e gL s

the loonl markct, even though some export should dbe oxpeoted.
In order to capturc the small local markct it would also b~
nocegaary to have tho means to produce a fairly large varictiy
of products in relatively small runs. As the largest outlcs
at the moment at lecast is for upholstery, which nccd light-
weight backings of c:lthc-:r knittcd or nonewoven fabrics, evary;-
thing points at a coating lin- using th«c tranafor coating
system ns the only reasonalblc sclcetion. As shown carlicr,
this m thod lLas gruit v raatility 18 to ~nd products and,

well managed, production chang:s can Y« carricd out peasonnbly

quickly, makirg short rurc, although always cocnomically 2

\
problem, cagicr ‘to cope with.
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Jormally, for cconomic and techniceal rcasons, the coating
I{ne would at lcost have thron coating stations, which would
permit the production of many differont typos of artificinl
leather in onr pnss through the linc. Bven then, howover,
a scparate printing machinc would almost crrtainly he necessary
to brozdon furthor the range of articles possibl. to makc,
Although lcss economic from a production point of view, o
c'ombimtion of a two-station conting linc and th- aoparﬁte
printing machinc would allow practically the samc versatility,
Considering the low volum~ and the investments, it would bde
ashvious to try to kecp the equipmont as samall as poasibdle,
For this rcason the transfcr coating line with two coating
machines, -~ scparate printing prces ind of course all other
reccesary auxilinry machines and cquipment is sclected as the

production unit with the greatest hope of being viable in Kuwnit,

Bven 8o, there is thc quostion of suitable capaeity.
e width of the line is onc factor, but dccisive in this oasc are
the customcrs' requiremcncts, Por upholstery for cxampls a
width of lces than 1.5 meter would cause problems. Conscquontly
2 width of 1.6 m has been choscn for the machince in the linc,
Ac %0 “hr conting speed, this, 23 mcntionod carlicr, is mainly
el 20 e lensth of the fu=iosn oven, An oven loss
than say 10 netcis would give very low and impr.ctible conting

srecds, A1l other cquipment in the line ean sust.in nuch

Pianor sp cds nd the total coct of the line would not be
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very nuch less with a smaller oven, Accordingly this longth

and thercfore also = specd of 10 m/min has been choscn for

the viability ealeulntions,

Por all importcd goods, machincry and cquipmont a3 well
as procrssing raw materinls, the priecs helow are ealoulated
OIF, Xuw1it, No import dutics are taken into account as
th-se are cxempt for industry, but port charg-s cte.. are
cstimated and included. In the easc of machinery appropriatc
spar: parts have been included in tho prices.

A8 to capital costs, 1t is assum~d that half of ncodod
capitil will be borrowed at an interest ratc of ¥ from the
Induetric) Bank of Kwait and the rest at Of,

Th- following proccssing cquipment is deomcd noccssaryt

3vt011 Mill, 600 mm
- "a 50"
l-roll Scrooning Mixcr
Planctary Mixer
iiigh Sprod Disp rgop
s oW ‘,I‘(c KR RS
}mtﬂ Licr Mixer
B:lincos

z 223 38 2@
Gl BB

3888888

8

3

Suhtotal
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Coating Jing. Width 1.6 m nnd longgh about 35 m,

Consints oft  Paper unwinding cquipment, Roverseroll coater,
Drying/m cfusing oven 6 m, 8et of cooling
eylinders, Dincing rolls for rcgulating prper

tension, Knife coating machine, laminnting
eylinder with Backings unwinding equipment,
Pusion oven 10 m, Set of cooling cylindcrs,
Paper winding machine and Coated fabric
Windimg m®achine with cdge cutters.,
Auxilinry equipment: Boiler for heated oil,
Motors and driving cquipment, Constant
speed and paper tcnsion regulating cquipe-
ment, Thickncss and Tomperaturc control

dovices. Jotal CIF Price: 97 100 KD,

Ziniahing Reoop.

1 Printing Machine @ 19 400 KD

6 Printing Cylinders @ 700 KD = 4 200 "

1 Inupection & Measuring Machinec® f % "
Storage Racks -

Bubtotal 27 100 XD
Installation and Start Up costs are ostisated at )3 000 KD,

Tool Room cquipment 1 %0 KD

1 Pork Lift Truck ® 4800
4 Jacks on wheels @ SO KD =20 *
Subtotal € %0 KD

Seme Iaboratory oquipment, mainly for physical tosting, should
Be provided and for convenience Office equipment is aleo
Added here just as arc Air conditioning equipmont and Transport

lakeratory Equipmcnt astimted at 34 800 Kp

Office wiuiiment 3 800 K¢
Adroonditioring 7 000 KD

Station i‘!'afgﬂ ! 2()0 I’E_




Buildinga:

It is estimated that about 1 000 mé, as specified below,

would be necessary for the production envisaged,

Productior ares %0 s © 60 KD 33 000 XD
Storage area 300" " 8 * 1% 000 "
Offices & laboratory 150 " *100 " 15000 "

1000 " 63 000 "
Pences, 100 runi‘ng meters © 10 KD 1000 "

Total Buildings 64 000 KD

faking a possible expansion into secount at least double

the ares of total building space should be required. The
3and would be leased from government at & rent of 75 KD per
1 000 m2 and year,

B> internal roads should be necessary to build,
Noriing Copiiad.

A rough estimate of the capital needed to cover salaries,
wages, rav materials and etocks for a period of 3 to 6 months
boo hear mo e £t At fferont production voulmes., To

ohtain eonvenient figurcs tor the total capital ncoded, the

anounts have been adjustad to 149 100 KD for the lower

Alternative Y and 247 1CO KD for the higher voulme Alteraative

11.




Sapanry of Invcatments and Capital Ooats.

- Anyeatment

Buildinge 64 000 KD
Machinerys

Kixing Room 30 100

foating Line 97 100
Pinishing Reom 27 100 154 300 *
Installation & Start Up 1% 000 "
Other Bquipment 6 500 "
laboratory Fquipment - 1800 "
Office Equipment 380"
Air Oonditioning Bquipment 7 000 *

Sation Wagon 4 500 "

Total Pixed Capital256 900 KD
L
Yearly Depreciation

Working Capital; Alternative L 1143 2100

Potal Capital 400 000
Intoreat on Capitali
5% on half 10 000
_r 16 000
Pota). Irtorest w
Danrecintion 0.

Barreciation
3 200 KD

15 430 *
3 000 "

650 "
100 * |
580 " ;
1 400 " |
i16%0"

25 740 KD
500 000 KD

12 500 KD
20 000_"
uil0ED

La180 2
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fnlaricg and _Wasea.

Under the circumstances prevailing at a production of
thig typc all the persornel costs, wages as well as salarico,
may be 4rected ac indirect, fixed costs, inside certain limits
more or luss independent of actual production volume. The
workcrs have nll to be present, however high or low the
production happens to be., To minimige the costs at a lov
volume an altornative (1), where a smaller workforce would
operate more than onc type of machinery, is also onlculated,
,\lternativé 11, the normal, full crew, one=-shift operation
would in a year produce maximum 10x1.5x60%x2,400x0.7 n ny
about 1,500,000 n? coated fabric, The first alternative
would produce about 40% of this or maximum 600,000 u?/year.

Runber Xearly xavs _ KD
Alt. 1 Akt A1 Adt. 1 Ald. il

General Manoger 1l 1 10 000 10 000
Teohnical Manager 1 1 7 000 7 000
8alecas Manager - 1 - 6 000
Salesmon 1 2 5 000 10 000
Purchasing agent 1 l 5 GO0 5 000
Accountarnt l 2 2 500 5 000
Foreman 1l 2 3 000 5 500
Typiet/Clerk 1 2 1 800 3 500
Mairtenancc worker 1 2 2 000 4 000
8killed worker 5 10 9 0CO 18 000
Semiskilled worker 3 b 5 000 8 000
0ffice boy 1 1 800 800
v 2 2 1 600 1 500
Iriver 1 1 l £00 1 500
Fotil 20 57582000 U5 T90G

+ 10 7% Boeinl) Charges 5 420 7 590

Totol Prreonnel Coote 59 620 85 490 K




It is of ocourse inpq’nible to take into account the
very many types of artificial leather, which can he vroduced
in the plaat suggested. As a prototype, 2 commonly used coated
" fabric for upholotery is selected, which can well represent
the total production in caloulating break cven points nte.
ther types would have parallell cost and sales pricc cstimntos,
Simultanecously thc chosen product will serve to show hov sueh

an artificial leather ie manufactured and its specific

composition.

The product would have the following ppecification:

Golor: Any.

Orain: Haircell with fine wrinkles (inverted rsleaae paper).
fop Coat: Polyurcthane: 10 g/m€ solid (35 g/m< liquid)
Nain Coat: Colorcd, cellular PVC: small porec: 720 g/w?,
Iaminnting Coat: Same, but white and 80 g/nz.

Backing: White, non-woven fabdrics polyester/royon: 80 g/m2,

Main and Laminating Coat Composition:

%n KD/kg
PYC, emulsion type 0. 230
Plastici zer 50 0.25¢
Stablizer : 1.85 0.510
Paste rogulntor 1 0.840
Ohemical Blowing agent 1.% 3.200
Pore regulator 35.20 0.77%
Figmnts in Plasticiser 5213) ?.&g_ 0.515

Tho color pigments arc premixed in a plasticizer on thw
small 3-roll mill, All ingredients for the main co~t are
weighed in a can, mixed by the planctary mixer and ther hy

the high apeed dispersing mixer, The resulting petc in

passed throvgh the large Je-roll mill, sorecned in the
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1- roll mixer and let to "mature" in the oan., Just bcfore
thn coating is to aiart, the paste is treated for a short
tim~ in the vacuum blender to remove all possible air .

The laminating paste usunlly does not need this trentment,

ncr 4o pass through the J-roll mill,

In the coating line the required amount of pastc .is
coatcd on to0 the release paper, prefused in the first oven el
cooled again, A thin laminating coat of suitable color, in
thie case white rot to discolor the fahric, is appliad in
the knife-coating machinc, the fabric fed onte the coat

and tho aggregate panssed through the fusing oven a% about

170°C. After cooling the coated fabric is separated from

the rclease paper, cut along the cdges and wound up in big
rolls. In the line only about 70% of total work hours are
productive = the rest of the time will be needed for change

of papers, cleaning of machines, cto.

The big rolle are transported to the printing machinc,
where, with the aid of a smooth or engraved transfer cylinder
a thin coat of polyurethine is avplied and dried in tho dry-

ing oven belonging to thr machine,

T owie Lo ion/ooourinz pooohize the artificial
leatior i8 visuall, checked and cut up into rolle of sultahi.

lengthe, whieh arc than packed for dispatehing,
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In the coat apecification below provisons are made

- for rejects, edge cuting lossen ete..

acking © 0,095 KD/m2 0,102
PVC coats 0,26%
Release paper, 8 times used 0.008
Printing laquer (Top coat) @ 0,565 0,020
Packaging malerials 0.012
Puel oil @ 8 KD/Ton 0.001
Cooling water @ 0,8 KD/1000gall 0,001
Miscellaneous 0.003

Total Materials Cost Q420 KD/m2 firishel
Artilicial leather

The artificial leather selected for thecec calmiiationa

would have a CIF _price in Kuvait close to 0.550 KD/m?, In the
case of custom duties of say 15 % being introduced for the pro-

- _—

tection of the lccal production, the price couwld probatly be
increcased to 0.630 KD/m 2, Both these sales rrices have been

used for the further calculations,

This simple methcd has been used for a firat evaluntions

are taen neccssary,

. 2 B
I* X io the production/sales volume in m= per jenr au
trenk even voint,
3o Jiveg cosus, tn llic gyecln? case ecanital

coste + ognalari oo & wagees dn FD oo o,
B is tho urit sales nroce in KD/m9 o0 a
C is the prodnctior facte o iole) y it cob 4r P00
. Y s A
the followirs nimple relation i 4yic: <oe
B«
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The break even velumes for the iwo alternatives of
production ranges and the two unit sales prices menticned

vould then bes

Uit pries, Alt 1 Adt 1I.

0,670 KD/n? 51740 + 59620 58240+ 82490
0,630 - 0.420 0.630 - 0,420
- 530 000 m@ = 675 000 w2

0.550 K1/n? 51740 + 52620 agta 402
0,550 - 0.420 860 = C,42C

=855 000 m2
(Not applicuble
over 600 000 mﬁ)

= 1 090 200 =°

It i8 readily sccn, how price arnd volume 3ensitive <
kind of manufacturc is. At higher voulmea the retura on

invested cepital will incresse rapidly, but unfortunately

his

the quantities possible to sell in Kuwait are far bdelov even

the lowest break cven volume,

The situation is clearly demonstrated in the graph below.

© Unit pri
KD price
Mxims 0.630 0,550 Haetmun
‘ ‘ antis
600’“3‘3",,2 AT w2 /! e
o Potentigl
owen
uso m2 , AL% 1T
toeT
. -~
U IR
- ”:C”JIA/"" c 4 Y T 4
200 + - T (IS I LS TE R FEFRIS GV
Lp’)k‘lﬂ"ﬂ-'hﬂ‘wo— —— . — - we B W R e e - — oua ¥
00— o e Fixac Costs, alt IT
O#L/ . . i - . I - —— ""’”;iO:)\:
0 0 500 1000 1300
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CONCLUSIONS AND RECOMMENDATIONSD

The artificisl leather of the coanted fabric type has
been shown to be the only one with a reasonsble hope of
success in its production. The actual use of this material
by the existing manufacturing units in Kuwait, however, i{g
at present only about g;‘gggumf ennually and the break cven
point at o production at the lowest cost and higheat price

alternative 18 as high as 530,000 n? per year,

Bven taking into account the potential market of
115,000 az/year, if and when new manufacturing units of
different kinds had been created, or a doubling or trebdling of
these quantitics, would not be enough., An export at ealeulnted
prices of the amount rceded to £11l the gap is almost certainly
impossible to achieve. A production of tho type studizd is

from an economical point of view not viable, and the project

eonsequently not feasible,

Becausc of this result no cash flow, finanoing, cr

othor, further study has been carried out.

It is rocommended, that no action is taken for the
timo being to intcrest any party to start a production of
artifieinl lonthor in Fuvait and also that possible fntfcp.neuv:
are discouraged to do so,







JOR DEICRIPTION

TF/KUW/76/001/11-05/A/32.1.K

Post Title

DURATION

DATE REQUIRED

DUTY STATION
PARPOSBE OF PROJECT

S8hort Term Congultant in the Picld of
Artificial Leather Manufactare,

Two nonths

June 1977

Kuwait

To provide sufficiont information and
guidelines a2nahling loeal inveators to
take a decision with regard to establishing

an artificiod 1leather production plant.

The short term consultant will bo attached
t0 the Industrinl Develevrment and Consulting
Purcau, an® will as member of 2 team

of international experts under the leader-

ship of the Project Manager, aspecifically

be oexpected to:

1. Study local statistice nd visit loeal
importers of artificinl leathrr and its
products.,

2., Aseess present requirements for domestic
and export markets us well a8 futurc
potentinls.,

Prepare a2 feaaibility atudy for setting
up a factory Jor the productior of =
artificial leatacr., Tr: feasihilidy
study should includce: .

a) Marketing of the artificial loather

%0 br urotused for Toenl nd export mhrkets.
b) Advio - o teehno eominerelnl pvsbloss

of cotnl Licndng the plnct dincluding
loeaticrn, approprinte enpreity, onsincor
ing, v moterinle, fucl, enerpy oi7,

~s well .o oman pever orsanizacicon,

¢) Desnrivtion of marufacturing proacn:
d) Deseriptisn of machinery and cauivm it




ey,

QUALIFICATIONS

LANGUAGE
BACKGROUNG INPORMATION

~42-

¢) Tabulation of cstimnted project
costs, ostimation of workirg capitnl
and suggented capital structurc,

£) Estimition of unit costs of product-
jon and profitability statcmente for
local and cxport markcts., Calculation
of thc breakoven analysis,

Rccommendations for know how ind 47
necesaary for future assistance,

The expcrt will nlso be cxpectcd to prepare
g finnl report, sctting out the findgngs of
his missior snd his recemmcndatiors to the
Government on further actions which might be
taken.

University degree in chemieal cngincering
or chemistry with extensive experience in
the artificinl leather industry nné ir the
preparation of fenusibility studiucs.

English

Kuwait is onc 0¥ the mnjor oil producing
countrics, reveriues from oil congtitute the
majority of the total revenucs of the
country. Its per capita income ig one
of the highest in the World. JAmong the
objectives of the country's development
policies the diversification of its
economy is an important ohjcctive., The
substitution ¢f loenlly manufactured
goods for importcd products, and the
eatablishm-nt of viable industrics in
this connecction is recommended.

The Industrial Development Committee has
granted licences for the establishment ef
certain prejects for the productior of
shoes and i-nther produets,

The Industrinl Tevelopment and Consulting
Burcau which waus establizhed in 1973 in
e¢ollaborition with the Miniotrs  of

Prade and Induatry in Kuwzit and UNIDO/IVD
i® primarily concerncd with promoting
invesi. .t conortuiitica in industry by
Identif im0 le cadueared vrojooto
throush carrving out feoagibilit: asindics
and evalutine theae submittod by loel
enterproroure, ng well wasistinm tho
Industri- 1 Arinrs Doy oortment in other
Jevelopnornt objortives, Artificinl lentuer
marmfactare ic 0 projecet amens thosc
{dentificd by she DBurcau for javeosiisation,
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BOURCES OF MACHINES AND RAW

Almoat 2111 industrinlized coun

wvhich makc somc of the equipment or r

for the production of Artificial Leather,

a few welle-known Germzn companiecs in

helow, Othor supplicrs, including th

- e -y . w» »

MATERIALS

trice have faotorica
av materials noeded
As an example,
the field are list-d

osc in othor countirics,

are eaaily found in tradc books or through their embassics,

hixing Eauioger t:
Drajeverke GmbH
8peckweg 43-59
Poatfach 31 02 20
D 6800 Mannhoim 31
Weat Germnny

Dornbuseh & Co, Kleinewefers I

Gravicranstalt
Kalanderstrassc 25
Postfach $7T0

D 4150 Krefeld 1
Host G rmnny

Companic OmbH
Postfach 1560

D 4150 Krefeld
Weat Germany

Pripting Cvlinders;

Dornbusch Jean Hicdemonn
(8ce Above) Kshlstrasnc 10
Onacndorf
DS Kgia 70

Wosl fGoiwnny

Riw Moterinle:
BASE oG

D 6700 Ludwigon: . fon 1
¥est Gormany

BAYER ."xG, FA'
T 5090 Leverku
West G ranny

Kleincwefers-Knalandorste.

YVC, Flasticizers, uxilinyy Chemicnla, Pigmantso,

Gustav Spangenberg,
Maschincnfabrik GmbH
Postfach 20-29
IMdustriestrasse 49-51
D 6800 Mannheim 1

West Germany.

Herbert Olbrieh Xo8
feutoncnstr, 5-8
Poat fach 297

D 4290 Boecholt

1 Vest Geracny

nduetrio-

A+R, Ungricht
Rudolfastrase 4)
PostTnel 368

D 40%0

Woncho irlndbuon 1

""k‘b k¢ RO Ll o2 44

Chentenche Wovke
ittls \Q )
D 4%7Q U~ 1/
Rook2ingahiner.
Voot Gormony,

rwork
son

Che,












