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L. INIRGDUCTLON

i. Emulsion styrene-pniadicae svnibetfc rnbber (58K) i« by far the wost
widely used type of syntheric rubber across the wornd, end well renalo so tor
many years ro come. With one exception, viz., Five tone, the varlons tire

companies in N, Anerica, W. Hurope an: Japan use emulsion 3BR as the preferred

main elastomeric component for automonile {ires = the largest single use of
syntietic rubber.

2. The technology for the production of eminion SBR htas been {ully
developed commerciully over a period of some 30 years, and Is readily available
from a number ot licenrors, 0f the ten developing comtries which built their

first synthetic rubber facility since 1962, nine 2f thosc plants were emulsion
SBR.

3. The present paper covers rfour urrds with respeact to the economic
critevia fcr the establistinent of an emulsion GBR [a2ciliry irn a develeping
country:

a) The various cost components such &5 capital cost, iicernse tee, preproduction
expenses and startup ceosts, and fixed and varlable prosuction cests, are
presented for a typical SER plant of cspacity 35,006 netric tous per year,
and a calculation is made o the necessary ielling price of the aroducts to
obtain a particular economic rofturn on iavestwent;

b) The sensitivity oi the above cvconomies te changes in vartous factors such as
sales bulldup, plant cost, and monexer costs, is evaludted;

¢) An examination 1s rade of the offect of plant capacity cver the ranpe
20,000-100,090 metric tous per yoar on cost pear metric ton of installed
capacity anc all-iuclusive production cost: per metric ton of the products;
and

d) An examination is made of the correlatiorn Lotween the Cross National Product
of various countries and the existence in these countrics of general purpose

synthetic rubber plants,

il. ECONOMIG5 OF A TYVICAL SBR PLANI

4, The aim in presenting in this paper the economics oi a hypothetical
"typical SBR plant' is to draw to the reader's ittestlon what factors must be
taken into account in calculating the econowics of a particular plaut In a
particular location, and to give only o gencral (but by no means an absolute)
pivture of the economics of the production of SBR.
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Preproducti o FExpenses and Jiortop Costs,
10. Proproduction expences and ciartup conts are eslinates in Tabie 11 Lo

total U.s. §1,773,000,

Total Gost of qugt

. the tutal cost or the plant {

tae sum of capital cost, license fee,

and preproduc tlon erperres uand Startup costs:

Tten

Capital cosru

License fee
Frepreduction, startup
Total

Fixed Production Costs

i2.
Table IlI, amcunt to U.S.

Variable Product;ou CLousta

13,
amount to U.S. $/,130,000 when the plant
grade mix:

Grade 4 2% Mix
1500 15
1562 5
1712 39
1778 i5
Total

Cost, 060 1.5.3

13,200

1, 300
1,770
16,270

Fixed production costs, including various overheads, as outlined in
$3,580,000 annwally,

La Tabie 1V, the annual variahle production costs are estimated to

runs full out producing the following

Anryal Production,
Metric Tons

35,000

1.e., 30% clear product and 70% cil-extended pruduct (37.5 parts oil per hundred

parts rubber).

14, Variable produetion costs er umetric ton of SBR 1500 and 1700 types are

displayed in Table V, and auount to 11,8,

$23 and 191, respectively.
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21, Wore (1. plaet o var fnil oo Tor A weearns o 35,000 tons per year (@

most unlikely evenit, the rugaired okt would diop by LS. 330 per ton, while if
the plant wese tiliod aar by only the eixth o .-ar csaies 0y 50, 74, 80 and 90%

over $iTsl five voars! rather than by the roocth, the equired MSR's woulc increase
by ULS. 550 per ton,

tabeases 3,4 Plaar Costn JUL ewdy Wi More
2t A chatge In plaat cests by ¢ 100 cosudts inoa chianpe 10 required NSR's

of ouly + L.5. §15 per ten.

Suhcase 5 Integrated Plart

22. It the plant is hutit in wmhw(tion with a netrochemical complex, 8o
that the cost of the plaat 13 veduced by ome V.i. $4 million (mainly savings

in offsi'vs) ro 1.5, $12.3) million, the number of required asersonnel drops by 40
to 149 and emnusl fived cosrs are reduced by L.S. $0.42 miltlen to UGS, $2.7¢
million, the roguired RSR's dyop LY A very sipuitdcant VLS. 950 per ton,

Subcaces 6=-7 Chainpes in Monomer Prices

23. A LhdnﬂL i1 butadiene price of + U.H. 520 per ton cesults in & change in
required NSR's of only ¥ U.0. S1u per tor, whiic an equivalent change In styrenc
price resvlts in o oven smailor coanpe in LS's of ondy ¥ 7.8, %5 pur tou.

Subcage § o ax

24, The clindnation of Income ta. reduces rou.ted “SK's hy o very signifi-
cart U.S. 35%) por ton.

Subcase 10 104 wol

25. Were the derired DCY revurr for the ;iant ;educed from 1% to 10%, the
NSK's would be reduc d by o very signfficant V.00 500 per tot,

TV, _ GEFETT OV PLANT CAPACTIY 04 ECONOMICS

e
o
.

The economic cons:wr ALIn L covered in et doar s anmd 11D above were
ﬂstricted to a plant of capacity 35,000 metrae r.rn« pier yoir, bat it 1o aleo of
tnterest to coasider otner plaats over the range 20 ,0079- 101,000 wetyic tons per
year. Hm)ever, to keep the matter simple, we ‘-wl' restrict ourtselves here to
examining only the sffect of planc raparits on the cogt per metric ton of
ingtalled plam capacity, Tatle V111, and —u all-inciusive production custs per
aetric ten of the products, Table 10,
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relative marninge o e Siguret, w0 tal Loty ahrooute vt gy wiien is

rportaut,

2E, Perhaps o 1o TUTARTIVELUE S NS SRR L R fia S ehtes that the costs
assorfated wirh 1 70,000 toa piant tre e aurs o e than thorse of o 35,000 ton
tacitiny, wht the veswn of a 20,300 o poant o ave, e et ooty soder.tely less
than those of 4 35,000 Lon ecliity and onay wiightThomore thue those Gioa 166,000
von plant,  in fact. the diworapan.y i crodnotion oty i« e deubt proater than
that shown in i:ble 1o, as fuo coroest o lane purdiae and, oy produstion of TowW

materiais for the Jarper lant, woudd cootaiedy tise vesuitodn tower vorlable
production costs than for une siaddoer plants.

29. 1t s worthy of aote that Spi plaats wperacdng in N aoorica, W, Furope
and Japan have, on the averawve, & desiis s canacity weli in excess of 100,000 metric
tons per year.

v, CORKELATLON ElLi Bl wEEN GRUSS SATI A PRUSY T _OF VARLOUS

A i, - ———

FOUNTR'E{ AND EXTETENCY !’ «Hf‘f COURTRIVS

em————" W -

\YNTHmeC “WBﬁEn ”‘AFT

EUR Secause of the peosibie varsetion over wide ranges rf the many pageé=
meters which onter juto the cooromics o any pi-ticul, s §BY plant buslt at &

particular location, and, torbier, e fause ol Jhe particaiar cace, stratogic
considerations such as deveioprent of The cora’ cOmnony, cavice ¢f hard currency

ot independence frow souries supp e sate e Lhe countoy might Lake nrecedence
Cver ustal reorn oon bivesyeent At et ione, st te rathay giffienlr ton foruecast
what Adeveloping countrics are urrently oigesy cangidates Top ihetr Pirst synthetie
rubber Taciliey.

3. However, theve Is i goae vl correts botweon it Gross hational
Prodoct (GHEP) of verdious covairios  nd Lho oo slence oo theo e cotnicles of at
Jrast one general purpose synthedic rubber {

butadienc) footiity,  Sueh yenerid covryoton]

top Sbk, sntuticn SBR o0 poly-
S s oavidenead in Tanles X=XItl,
covering Africa, the Amevicas, Aoia eud Aty fesidaln, and furono, is, nawely, that

*
LSS

countries with ope nians wdve a 5D ol ac deosl 1iliiea, wable thone with twe
plants have o GNP o gl leust A biliion,

z. Pased on sulh eenvral correlstion, vne aav predict what zountries (thosc
with a CNP ot «t least 510 hililoni ae Mlhcly coneldates ror caelr first synthetic
rubber plant.
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Slafshing aroa for coagulation, dryiag and pa sagiryg o the final
product o

Process tefolo raulon cysivn

Brine makeup anc sotteisig

The Y0ffsite.t estimate invludes:

Menamer gioraoe (0o arutb's Lunnavi

Steam boiles

plectrie subst.tion

Piant air

Tnatrument alr osveleén

Cooliiz wats tower

Water sofiening snd freatmeni, tas sudins deasration
Ffiluent hoising basin:

AL luent treo tnen

AF7 edl govaraotor

Lantlary sewers

Grovm water arelane

Fiare gavstum

¥ise punp and systew

Loutrol laboratery and eguipment
Product warebonse

frocess cle-mced warchous:
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Stee developient

Lency

Roady

Special clesning voulpe 0t
Maintenance shop and eqarpment
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Office equipment
Prarpency geacrator
Firefighting cquipmeat
Safety cquipment
wltrogen supply system
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a)
- b)

d)
e)

£)

appeaclx 11

Assunptions Made fn Working Out DCF Rate of Return
Displayed in Tabic VI

A pvoject life of 10 years.

No cost escalation over the period.

A corporate income tax rate of 45%.

Working capital equivalent to 3 ronths net sales revenue.

Cash flow in at the end of 10 years is the sum of recovered working capital

and the salvage value oi the plant, taken as 0% of the original capital
cost,

Janvary 1, 197¢{ taken as time zero, mwonthly discount factors used for the

years 1974 through 1983, and the yearly factor taken for cash recovered at
the end of prolect.




Country

Argentina
Australia
Brazil
RBulgaria
Czechoslovakia
India

S. Korea
Mexico
Romania

South Africa

Turkey

* Data source C.

58K Plantn
Rubber Faciliry

Ll Al . T
Taule I

Built as the First Sventhetie
in Varicus Countrie- Since 196 1%

F. Ruebensaal

Startup Date

.

1045
1961
1962
1971}
1963
1963
1977
1267
1963
19ud

1904

Orlginal Capacicy,
000 Tons/Year

40
25
60
i5
50
30
25
44
50
30

23




Prevroduction kapenses and Startup Costs
for, 35,000 Metrir Tou per Year SBR Planc

lrem

Salary, wages and benci{ts tor 6 months
tor 189 employees @ average U.5. $8,000
per person per year

Travel and, living expenues for pzrsonne)
trained by licensor

Reiobursement of jper dicw rate and travel and
iiving expenses of licensor's perscanel whoa
review plant construction and provide =tartuy
asgiatan: e

One month's non-saleabla consumption of raw
materials and utilities (s2e Table 1V)

Migcel larecus

Total

Cost, 000 U,S,

150

30

300

580

1u0

— -

1,770




tabie 117

Annual Flxed Costs for

35,000 Me'ric Ton per Yezr SBR Planl

Iten

Coat, 000 U.S8.$

Salary, wages and benefics (189 cperating,
paintenance, administration and marketing
employees @ averages U.5. 58,000 per person
per year)

Maintenance materlsls (1.25% of capital cost)

Supplies

Depreciation, awortization
{10% of cost of plaut)

overheads (includes travel, communication,
uon-process utilities, local taxes, etc.)

Total

1,510

170

20

1,630

250

1,580




Auraal Variable Dodurtic Jostg for

35,000 Metrto Ton poer Year SBY Prant Froduding
A0 180G Tyees ad FUY 10U Tapes

A
- — o B = e s R s -4 —————

e ———

faw Materials Consumpiion, Unit cCost,

Luat,
Metric fous

300 1.5.9$

U.5.5
v ow b
- A . H—————

Butadierne 20,350 170 3,460
Styrene 6,600 220 1,450
Extender oils 6,310 56 X 380
Process chemicals - - 1,400
Raw Materials Subtotal ¢,690
Urilitles Congsumpl icn Bait Cost, (ost,
U.s5.8 000 U.S8.3%

Electric power 16 x 10° kim 4.006 96
Process water 350 x 103 o’ .10 35
Cooling water throughput 7 10° n 0,96G12 10
Stean ' 1220 x 103 tons 1.2¢ 148
ALr 6 x 4GP Ni .

20
Nitrogen 10 2 103 Nm' ‘ - —
Utilitier Subtotal 10
Packaging Materiais (tor lo.al deiiv{*zy‘by truck) 150
Total 7,190




- Y -

Tuble YV

Vartab.e Productic . Conts prr Metrle Teon
of SBR 100 and_!700 Tvpes

Raw Materials Consunption, “p Unit Cost, Cost/Ton, U.§.%
. 1500 7 4,8.8 1500 1700

Types Types S Iypes Iypes
Butadiene 723 523 0.17 122.9 88.9
Styrene 235 169 0.22 51.7 37.2
Extender oils - 98 0.056 - i5.6
Process chemicals - - - 48.7 36,2
Raw Materials Subtotal 223.3 177.9
Utilities 8.9 8.9
Packaging Materials 4.3 4.3

Total 236 91




24 WaET PAFUN ISTZ

RS -3 BTN A Fis B FH

i d
.

ey e

D1 et lEeL
wop tempws aFoarvg
By nad P OAWAC LY

(fg
fp poas
Lo o
YN faatil
TSN Sy
- T
s i e ~
vk g
I e B
(1% 54 LA
oL ATg -
[ I wb o Of
-1y CEE
LR AT 9

Yy

“

B

Dt N

LGy, W R
At T v

36510 Lrt
WhsH i L
11341 RIAY
w10% .t
I

i -5 -
* oy . P
PERE] R T LN

$romOT 4 (W

GG
CTE T YT I L SUhF 4

[ES S 0
&

regite
L R T P T
PO MYT G uNRT

teypd )y Buryaog

XEL amIZf aT10Ag
AR L BT

Nur @I0zaa Yrjoxy

s380 [PIvL
% i9Cy poNyg
AIHDY CTAPTIEY

FNUBANY I TS JAY

WOUY e B

A——

,.,- .o

[RFL S o1

[T — ——
" ;

[ 34 gt

TOCT T @05 2vax 150 uol IFIINK XG0 SE 405 ISy

O AR <. 5. At SOV ST AN
o

AT 3O PN 1w Jo o




Subcase

Table V1L

Sens.tivity of Required Net rales Kevenues

te changes in Assuupltions
L2 - LSRR AN

. 5 A WA sl Tl

Change in
Asaumption

Base case

Tast sales bulldup
Slow sales buildup
Piant costs 10X less
Plaout costs 104 more
Intagrated plant
Butadiene $20/ton less
Butadiene 520/ton more
Styrene $20/ton less
Styrene $20/ton more
No tax

10% DCF Return

Change In NSE,
U.S5.9/Tan

NSh,

$00
470
535
485
515
450

490

450

455

-]

v—

NSR,
1700 _Types

400
370
435
385
415
350
390
410
395
405
350
355
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Jumber ot
Polvmerization,
Findshing Lines

20
35
70
100

Plant
Capactty,
000 Tons/Yr,

5‘:.!:.‘: tal

Cost
H.M 550;"‘ i

- A WA

10.5

1§.2

24.8

Parense,
Prevedd,

SEATILE vosty

i1 TR T

e L ——

fahsle 12

e
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otal
Fiant
Sont,

MY ULS,

S

Cost per
Ton
Ingtalled
Capacity,
U.8. §

13.1

Effect ot SHR Plart Capacity on A'l-inclusive
Production Costs pry Metric Ton sf Products

20

4,310 89

5,980 00

Annual i xeo Var.avie Couts/len
Fixed Cosin/ 1500 1700
Costs, Ton, Types, Tyner,
000 1‘.S.$ L?QS.'(J ;;.:‘-l{m E)’h'.:'f‘;:u
3,226 61 i IF i1
3,580 142 23k 19}

19}
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660
473
340
I

Totai Cests/Tou

1400
Yyney,
L.8.8
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Types,
v A
Vewe W

397

336

352

293




Country

e i o <

Alparia
A.R. Egypt
libya
Nigeria

South Africa

Country

A

Argentina
Bbrazil
Colombia
Mexico
Peru

Venezuela

Tah's ¥

Lorrel o don betwern Gre s Ratienal Prodact and
Exigtence of General Parpese Syithotic fublor Piants

OHD O 19i0), Synthwetic Rubber Plants
bilidrn V. 5.5

e -

s"

1

£

17 i

Table X1

Correlation Puetwovn Sross National Lrodoct and
Existence of Cenaral Purpos. Synthevic Rubber Plants

GNP (1970), Synthetic Rubber Plants
billior V.59
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o4 1
3¢ 2

32

s

{25

e
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Australia
P.R. China

India

Indonesia
Iran
Israel

S. Korea

Pakistan

Philippines

Thailand

Tabie 1y

Correlation hetween Grazs Naoioasd
Exiatevce of Genoral Farnoae
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oNP (19705,
hiillow U,v. 5
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Rulzaria
Czechoslovakia
Finland
Hungary
Romania
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