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Such, alcohol bastó! industries  flourished  in Brazil  for a    period 
of  timo.     Nevertheless  several   of  then were  shutdown due  to     thv? 
u«e of petrochemical  feedstocks  for  the production of  those 
chemicals. 

Following the energy crisis and  the associated increase  in    the 
price of crude oil,  which have particularly affected  the economics 
of the developing  countries that depend on oil  imports,   a    new 
emphasis has bean given  in Brazil to the use of ethyl alcohol, 
either as motor fuel or as raw material for the chemical  industry. 
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In regard to the chemical industry, a great number of old 

alcohol-based faciliti« are being reactivated and now ones are 
also boing planned. 

A list of all ethanol-based chemical plants in Brazil is presented, 

with their respective capacities, process licensors, markets, the 

preconi status and eventually their plans for expansions. 

On the other hand, the prospective use of now alcohol-br^d chemical 
routes in Brazil is discussed. 

The main processeti ever used in Diaz.11 for the production of 

ctlMj>o.l- based chemicals are presented and evaluated from the 

economical point of view, comparino them to the conventtonüJ 
poi M-.chore! cal routes. 

i 
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Brazilian ethanol-chemical experience is 
•nalysed at different historical moments. 

Initially,  the author deecribes the moat 
important facts of the ethanol-chomical industry in Brasil, 
fron, installation of  the first industrial unita to manufacture 
several products in a ,mail scalo,  through 1973-74 when soma 
3arge      projects wore already implemented. 

Next there is a more detailed review of 
present situation of the ethanol-chomical industry and its 
trends.    After analysing tho impact of the    petroleum crisis, 
which,  through the National Alcohol Plan,  led to a comeback 
•nd strengthening of this industrial activity in the country, 
the author discourses about the prospects of implementation, 
during the next years,  of several ethanol-based chemical 
projects. 

The'prim .pal ethanol-ch mical processes 
already utilised by producing companloi are described and 
evaluated,  from a technical and economical point of view,   to 
©•tter judge their competitiveness as compared to alternative 
petrochemical routes. 

The author,  finally, ponders about the 
future of tho ethanol-chemical industry in Brasil, and tries 
to point out the courses of future developments. 
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1# P»V1L0PMENT OF THE ETHANOL-CHEMICAL INDUSTRY IN BRAZIL 

The ethanol-chemical industry, in the tonte 

attributed to is in this paper, relates to the manufacture of 

chemicals uting ethanol as raw material. 

Markedly distinct phases characterize the 

development of this activity in Brazil until 1974, as set 
forth below. 

X.l. Pioneer Phase (1920-57) 

Commencement of the ethanol-chemical induttry 

in the country goes back probably to the first years of 

the twenties, when PRODUTOS QUÍMICOS ELEKEIROZ, USINA 

COLOMBINA and CIA. QUÍMICA RHODIA BRASILEIRA, all inttalled 

in the state of Sao Paulo, obtained popularity by manu- 

facturing perfume-tquirters based on ethyl chloride, from 
ethanol. 

Beside» ethyl chloride, RHODIA BRASILEIRA 

»anufactured., in its Santo André unit, acetic acid and 

ethyl ether in small quantities, both also obtained fro» 
ethanol. 

In 1929, the sector had a significant upeving 

with the installation of CIA. BRASILEIRA RHODIACETA which 

in subsequent years began to manufacture cellulose acetate 

uting acetic acid and acetic anhydride, the latter alto 

•yntheaised from ethanol. Later (1965) thia company and 

MiODIA BRASILEIRA would merge to form RHODIA INDUSTRIAS 
QUÍMICAS E TEXTEIS (RIQT). 

By 1940 the following derivativet of ethanol 

were already being produced in Brasil« ethyl ehloride, 

ethyl ether (at RHODIA and at the War Miniatry, in ti- 

quete, State of Sao Paulo), acetic acid and acetic 
anhydride. 

I 



In the early fifties, USINA VICTOR SENCE, 

installed at Conceiçâo de Macabu, in Rio de Janeiro, 

started commercial production of butanol and acetone 

from residual molasses fermentation. In 1952 the com- 

pany inaugurated its plant to produce acetic acid fro« 

ethanol, as well as a continuous esterification 

«lit for the production of butyl acetate. 

1.2. Expansion Phase (1958-69) 

In late fifties, Brazilian ethanol-chemical 

industry was directed toward refinery ethylene production, 

then insufficient to meet requirements of the first 

petrochemical units using it as raw material. 

Two alcohol ethylene units were installed, 

One by UNION CARBIDE DO BRASIL, in 1958, to supply its 

low density polyethylene plant, and the other by CIA. 

BRASILEIRA DE ES TI RENO, in 1959, to supply its sty rene 

plant. 

In 1962, INDUSTRIAS QUÍMICAS ÉLITRO CLORO 

started its ethylene production by means of ethanol 

dtuiydration to meet requirements of i -s high density 

polyethylene plant. Around the same time RHODIA's 

vinyl acetate unit started operations, employing 

acetylene and acetic acid obtained from ethanol. 

Molasses availabilities then abundant which 

.permitted alcohol production in large scale and at 

Marginal costs, encouraged the implementation of more 

enterprising ethanol-chemical projects. 

CIA. PERNAMBUCANA DE BORRACHA SINTETICA - 

COPIRBO in 1965 started to produce butadiene fro« ethyl 

alcohol, according to a process developed by UNION 

CARBIDE in the States during the Second World War. 

Processing facilities also covered production of the 

intermediate aoetaldehyde. 



In 1969 began production of 2-ethylhexanol, 

bynrvmsof an entirely eth-nol-chemical r-uto, by ELEKEIROZ 

DO NORDESTE, and butano!, acetic acid and ethyl acetato 

were obtained in the same unit as by-products. 

The sixties determined therefore an out- 

standing growth of the Brazilian ethanol-chemical in- 

dustry, which then was already covering a widely 

diversified range of products. 

In the carl.ics soventi on, reflecting the 

problems which began to be felt at the end of the pre- 

ceding decade, cliff i cui ties in supplying ethyl alcohol 

to the chemical industry worsened.  Raw material was 

scarce and suffered successive price increases (a 67% 

increase during period 1967-69) , m view of the favor- 

able circumstances displayed by molasses and sugar  . 
international market. 

Therefore, c >mpetitivity of ethanol-chemical 

producto as compared to imported similar products be- 

came extremely difficult, since the latter were manu- 

factured from a negligible price (less than $2.00/bbl.) 
raw material (petroleum). 

On the other hand, implementation in the 

country of large petrochemical projects, to take ad- 

vantage of the effects of economies of scale and of 

the utilization of processes more advanced than those 

of the ethanol-chemical industry, rendered even »ore 

unfeasible use of the latter to manufacture the .ame 
product». 

Such facts made the operation of some 

ethanol-chemical units non-economical and the ethylene 

units of CIA. ÜRAS1LI31RA DE EST1RRN0 (1970) and UNION 

CARBIDE (1971) and the butadiene unit of COPERBO (1971) 
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ttfurt shut down. 

ELETRO CT.ORQ ethylene unit cvon stopped 

for fchreo months, in 1973, but was started up again 

in viaw of tha difficulties to supply petrochemical 

othyleno, and is in operation until this data. 

r 
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With  Ilio supply crioJu and continuous  in- 

crease  in petroleum prices,  which affectée"  specially the 

economy of  developing countries depending upon  imported 

raw materia],   emphactt:  boyan  again  to  be y i ven  in  Drazil 

to using ethyl  alcohol,   both  as a luel  and  for  the manu- 
facture of chemicals. 

In   this   ;;en,;e,   the Brazilian Government, 
in November  1975,   instituted   the National Alcohol   Plan 

(PR0ALC0OI.) ,   with  ilio main purpose oí   rapidly expanding 

alcohol  production  in  the  country  through modernisation, 

expansion  and  implemerii at ion of  independent dial LHerice or 

annexed       to augar  roLJlr;  and  il» corresponding  agricultural 
projects. 

Por   the purpor-c of defining  the   incentjver., 

policies,   priorities   and oxecuoon plana cf  the  program 

and to  review applications  for  acceptance of projects, 

the National  Ai 'oho.l   Cumini or. i or-  v,,i.r;  created,   composed of 

representan ti. vos  of   ;,i>:  st-itc  Pcpartmont.s,   and with the 

operational   support  of   ( :!K:  ¿:uyai   and AJ r.< hoi  Instituto   (IAA) 

and  the  National   V<i • -olouir.  • euncil   (CNJ-). 

From     Into, .1 97';  tluruvgh  March   197!),   tho 

National Alcohol.  Commission liad .-pprovrd   ¿.18 project!  for 

distillerie.'.?  throuynouí-   i he n.jti >nal   territory,   H5  of which 

were    annexed     to nil Is  and 123  j. ¡depend, : nt disci 11er tor;. 

Such  faciliti er,,  expected to begin normal 
operations  until   tho   .ÏP32/91  crop,   represent a  total pro- 

duction capacity of   4 ,9  bi.l lion   1.1 tors  per year. 

The   f : rn :   results of  PROALCOOL are already 
being felt.    And therefore,   as evidenced  in Tabic     I  , 

national  alcohol production increased  from 551,7  million 

litem  in  the J 975/76  crop to 1,47 billion lit ors  in the 
1977/78 crop. 



rH    O 

tn   vo 

•H 
H 

in 
M1 

t w * i£| 
vo m ci o 

*' I-I tn o 
Cl «* "-T oo 

3 

oo r- 
fO o 
vo Cl 

vp m 
<t\ •.)• 

CM 0\ 
m tu 
CM m 

ci 
et 

-H 
(J, 
IO 

fO 
11) 
ro 

rO 
*.r 

m 
-H 
CI 

ve 
o 
m 

r-t 

00 CJ 

r- o> 

m    r<4 

VQ Ci 
»H Cl 
Cl     tN 

o> 
CJ 
VD 

0> 
CI 
m 

O 
O 
ri 

•J1 

00 

vo 
t- 

t*P 
0\ O 
n M' 

o VO* 
vo m 

co   o 

s 
vo 
m 

m   co 
VO    i ri 

vo    in 

in 
0> 

3 í 
H 

U) 

| 
•H 
i-t 

«n  o   o>   r-»   o>   r-<   r»i   a» 
*     IN      *T      Ul      tO      l'I      ¿'      If) 
fi   o   co   oo   m   0>   o   öS 
»H   o   o   m 
*  N   «i   o 
CO   H    O    vo vo •il' 

<N   «n 
co   m 

to •f   fi   CM   o>   op   f-j   m   m 
r\|   oi 
ci   ci 

m (•4     VÍJ     OA 
m   *r   n   ci   ci 

fi vo 
in ci 
o (N 
S oo 
n vo 
CN o 

f-*" ci 
f» H 
vo vo 

fM 
to 
en 

ft    o 
f»   m 
m   ci 

Cl 
rl- 
VO 

«H 
O 

m   o 
S 3 

H    C- 
t- 

oo 

o   m 
co   vo 
VO     Vfl 

VP 
vo 
rH 

cQ 
vo 

ci    ci 
I-     o 

H 
m 
m 

vo 

tn 
o 

o 
<* 

o 
8 

,-\ n 

o r^NftvinvoKp 

b)0\9A9l()inSÎ 



-8- 

Present trend, a« can bo seen from said 

Tubi , is toward an inci -ase in percent.ic/e of anhydrous 

«lcohol with a view to ltr. progressive utilization in 

carburant blonds uddod to gasoline. 

Taking as a reference year 1977, from 

January through December, it vas found that, from 1.38 

billion liters of alcohol produced, Vn  were in anhydrous 

alcohol and the remainder in industria alcohol. During 

the same year, alcohol consumption for carburant pur- 

poses was 741 million liter«, whereas the portion des- 

tined to chemical a production (excluding cosmetics and 

pharmaceutical specialties) was of the order of 100 
million liters. 

The othanoi-chemical industry, therefore, 

is shown as a secondary facto., in view of use of alcohol 

as a fuel, to the extend that raw material availabilities, 

as estimated in the rational Alcohol Plan,  ensure its ' 

future expansion v.Hh no signifiant reflation on the 

volume intendaci for automotive user,. 

ut. m  reboot of   LI.o cna,ileal  industry, 
the Brazilian Government decided  to subsidise production 
from ethyl  alcohol   o'   such organic   derivative« which could 
be manufactured al tornatively       by       a petrochemical 
route.     In  this  sense,   price of a  cubic meter of ethanol 
for such use  is ensured  in up to  3 5". of price, per ton 
of petrochemical ethylene,   and the National Petroleum 
Council  is entrusted with establishing  the quotas to be 
destined  to the industries,  whereas the Sugar and  Alcohol 
Institute is  in charge of promoting,  prioritarily,   it« 
»upply. 

On the other hand,  scarcity,   in  the inter- 
national  technology nuaket,   or competiti *-o     othanol- 
chemical processes,  whore 3caJe  ]^Vels  and economica- 

bility are concerned,   as  compared  to processes in modern 
chemical  industry,   have  led companies and research Jnsti- 

* 

.*. 



tutiomi in the country to take up again' Btudieu for 

the development of new processes and to improvo those 

already existing. 

Amongst nuch initiatives the works already 

carried out by CENTRO DI'. PESQUISAS DA PETRONRAS - CEN- 

PES, should be pointed out. They comprino particularly 

the busjc denign oí a 60,000 ton/year ethylene unit, 

from ethyl alcohol, to bo constructed by SALGEMA JNUOs- 

TRIAS QUÍMICAS S.A., intended to supply itn dichloro- 

cthanc plant. 

Worku in thin orca, orig.inci.lly intended to 

scale-up units already ox in ting in the country (capa- 

city limited to around 3,000 ton/year (por reactor), 

culminated in the development of a new procesa, which 

efficiency was already tented in a pilot plant. 

COMPAN1ITA PEKNAMHUCANA DE BORRACHA SINTÉTICA 

- COPERUO, a company within PETROHKAS .System, has boon 

performing cxperiinentr.;, likewise nuccosnful, to obtain 

ethylene from alcohol at itu former butadiene unit. 

It should e further poin 2d out that 

PKTHOBRAS QUÍMICA S.A. - PETROQU1SA, through its TECH- 

NICAL MANAGEMENT - GETEC, is presently implementing a 

technological development program in the acetic acid 

production field. A similar program, involving techno- 

logies for acetaldchyde, acetic acid and butanol, iß 

being carried out by OXITENO INDOSTRIA E COMERCIO S.A. 
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3.  ALTERNATIVE  RAW MATERIALS FOR ALCOHOL  PRODUCTION  IN BRAZIL 

In addition to a  formidable territorial ex- 
tent (8,512,000 Km2) , 0f which only a negligible fraction 

represents cultivated «irons   (about 430,000 Km2) ,   Brazil 

gathers other favorable ecological conditions for  the pro- 

duction of ethyl   alcohol of vegetal origin,   Buch as a tropical 

dina te, high insulation and quality of  soil appropriate to 
the required cultures. 

Within this context,   several raw materiali 
are being considered to produce alcohol  in large scale  in the 

country, particularly saccharincous materials such as sugar 

cane and sorghum,   and      starchy    materials such as manioc 
(cassava)  and babaßau. 

Table 11   gives a   summary of main  techno- 

logical characteristics of such raw materiale,  from an agri- 

cultural and  industrial standpoint, with a viow to their utili- 

sation  for alcohol production.    Figures  indicated correspond 

to averaqo values  presently prevailing  in Brazil,     m practice 

such values  arc  subject to high fluctuations  in accordance 

with the variety  cultivated and the region.     Therefore,   in 

certain areas of   the Center-South  region of Brazil,   sugar 

cane productivity has reached valueu as  high as 65-70 t/ha. 

Table ITT lists the  projects for distilleries 
•pprovod by  the National Alcohol Commission until March 1979, 

which sum   a    total production capacity of the order of 4.9 
Million cubic meters of cthanol per year. 

3.1. Sugar Cane 

Sugar cane,  which for centuries has been 

produced and  industrialised in Bras-.il, stands out as 

the most immediate use raw material   for alcohol  production, 

and shall bo  liable for  the major part of the increase 

in supply of  such product during the next years,  spe- 

cially through the  so-called  "annexed     distilleries", 
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which uso molasses coming from sugar milla. 

To lesse*   the effects of international 
sug.ir market   fluctuations on  the domestic alcohol 
production,   the Brazilian Government decided  to 
encourage the construction of  "independent distilleries", 
so called those which employ  cine   juice directly as 
rnw material   for alcohol production. 

From sugar cane,   in the preliminary phase 
of the  industrial process,  are noparated the   juice und 
the bagasse.     Such  two  elements arc the  starting point 
to obtain a  yrcat  number of  industrial products,  an 
can be   seen   from Figure   1. 

Brazilian sugar cane production is presently 
approximately J00 million tons per year, with a cultivated 
area of  the order of 2.1 billion hectares. 

3.2.  Scrj^hura 

Sorghum  [corghum  vulvare),   a      gramineous 
pTant   native of     Africa,       was according to 

FAO statistics for  1974,   the   fifth cereal in irapoitance 
around  the globe in relation  to cultivated area,  sur- 
passed only by wheat,  rice,  corn and barley. 

The use of saccharlneous varieties of sorghum, 
whooo stalk  is rich in sugar,   to produce ethyl alcohol 
has been deserving a special  attention in Brazil,   in 
view of  the possibility of extracting and fermenting 
the juico   in  tho same equipment used for sugar cane, 
which therefore represents an alternative for better 
utilization of installed capacities of distilleries 
based on sugar cane use. 

Other advantages noted  for sorghum arot 

i)       short cultural cycle, which permits tuo 
crops per year; 
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li)       suitability of the culture  tò limited 
hydric resources  regions; 

iii)     possibility of using the grains,   rich in 

starch, to produce nicohol,   which would 
permit full utilization of  the plant. 

The commercial  exploitation of  sorghum in 
Brazil ir,  still beginning,   and  the implementation of 
this  culture in  the. country depends on agronomical 
studios  to determine  the cultivation characteristic« 
and   to establish the  ecologica]   regions most    suitable 
to obtain  high  productivity  indices. 

3.3.  Manioc 

Production in  industrial scale of manioc 
{Manihot  esculenta)   alcohol was  previously carried out 
in Brazil  at the Divinopolia Mill,  in Minas Gerais, 
Which operated  during  ten years   (1932-42),   producing 
a total estimated at   5,300   liters of  alcohol.     Sundry 
factors,   r.uch  as  low agricultural yield,  competition 
with  low price petrol  am dérivâtes,  < id problems with 
the  industrial  processing  for starch hydrolysis,   have 
contributed for the halting of such production. 

This activity was recently  resumed,  with 
the installation by PETRODR/ls of a manioc alcohol dis- 
tillery at Cúrvelo,  Minos Gérais,  with a nominal  capa- 
city of 60,000  liters/day.     The process used is based 
on  the enseymatic hydrolysis of the starch and was 
•ntirely developed by  the NATIONAL TECHNOLOGY INSTITUTE. 

AD yet,  the main problem with manioc uti- 
lization in manufacturing alcohol  lays  in its low 
agricultural yield whxch however may be explained by 
the  fact  that this is  a characteristically subsistence; 
culture,  which caires  this euphorbiaceous plant to be 
cultivated in a totally empiric manner.    With the im- 

! 
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piasjentation of alcohol distilleries from manioc, whose 

•apply i» to be based on an industrial culture, it is 

expected tnat productivity indices above 2Q tt ha will be 
attained. 

. A manioc alcohol production complex (as 

shown in Pigure 2) comprises an integrated agro-industrial 

pole, with the economic feasibility of the project depending 

highly on the marketing of several by-products. 

As regards stilläge  (a production of 

the order of 13 liters per liter of alcohol), with polluting 

characteristics, several solutions have been submitted for 

its utilization, such as: 

I) as a fertilizer; 

II) as a producer of a fungal biomass used as animal 

feed; 

III) as a methane gas generating source. 

Brazilian production of manioc is the largest 

In the world. In 1975 it was slightly higher than 26 million 

ton«, with a cultivated area of 2.0 million hectares. 

3.1. Babassu 

Babassu is a palm tree native of Brazil,  and 
under this name several species of genus Orhignya    and 
Attalca are known. 

Prutification of the palm-tree commences 
between the seventh and the eighth year, and it produces 
from 3 to 6 clusters/year,  each containing an average 
of 150 to 300    coconuts.    The palm-tree's productive 
life is estimated between 10 and 35 years. 

The babassu coconut    is constituted of three 
layers:    epicarp  (11% of the coconut,  as an average), 

fibrous outside layer;  meaocarp   (231), starehy-fibroua 
Intermediate layer; and endocarp  (591),  ligneous inside 

\ 

^ J: 



T" 
T~' 

-liT  -. 

g 
Z 

O 
O 
£? 
to 
(/> 
UJ o 
o 
(C 
a. 
UJ 

o 
X 

IxJ 

ë 
Ix- 

CO 

O 

a o 
re a. 

CM 

IM 

D 
0) 

w 

tu 

«A 
UJ 
X 
o 
;r 

01 

i 
(5 
X 

tu 
»- 
o 

o 
i" o 
«t 

V) 

o 

E« 

K 
V) 

o 
o 
z u 

9 

i 

Or 
u 
N 

ZÎ 
P 
Or 
Iti 
ü 

UJ 

S£ 
«t 
z 
I- 
ÜJ 

a 
f> 
l<l 
llj 
11. 

_i 
«í 

M 

O 

e 

L._i 

N 
O 

r~ 
.J 
W w 
a. 

IS V) 5 

Ì. I ni 
«i 

H 
V» 3 

o 
§ 
3 

ui 
3 

O 

S 
S I 



•1ft- 

layer, where tho kernel;; Hi)  are lodged. 

Tue ii.ooocarp has an average content of 

65-681. Btnrch (15-16* of the coconut), proving to bo 

an important raw .notorial for cthanol production. 

Dy an integrated processing of the differ- 

ent partii of the babasnu coconut, a grsat variety of 

important by-product« is obtained, an shown in Figure 

3.  It should be pointed out, however, that euch pro- 

cessing lias only now become feasible, with the appear- 

ance of modern equipment to crack the coconut in an 

induotrial scale, which uaed to be traditionally done 

in an empiric way for the sole purpoEe of utilizing 
the kernels. 

In Brazil, the agricultural productivity 

of babassu and the palm-tree's.occurrence area are 

data «till largely debated, and it is believed, how- 

ever, according tc surveys made, that 2.5 ton of coco-' 

nut per hectare and 15.0 million hectares are, rea- 

pectxvely, rcprcscntativ values.  Taki.ig into account 

that only 2 3'i of thir; area hafa a productive coverage, 

a productive potent.4,»] of the order of 12.4 million 

tons of coconut per year are estimated, which could 

be converted into the relieving quor.ULi.es of by-product«t 

•fi£E•I\»cts_        Uni c/ton Qaconut Total/Year 

Alcohol  (li tere*) 

Charcoal  (tons) 

Gas-3,850 Kcal/Kg (ton) 

PyroligncouR Acid (ton) 

- Acetic acid   (ton) 
- Methanol   (ton) 
Tar  (ton) 

Ipicarp - 4,?6C Kcal/Kg (tot.) 
Oil   (ton) 

The above data clearly indicate the enormous 

80 l.Ox 10* 
0.19 2.4 x 106 

0.11 1.4x 106 

0.24 3.Ox 10* 
(0.04) (0.5x106) 
(0.0065) (0.8x 105) 
0.05 0.6K 106 

0.11 1.4x10s 

0.04 0.5xl06 
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potantiol of babaoau AI a «ouro« of «narçatio by-pro- 

dueta and ohanicals. 

Within this y«ar a pilot plant for th« pro- 

duction of athanol and foundry coka fron vaaatabla 

raaidue (laavaa and brancha«) will ba in oparation at 

Lorana, Stat« of Sao Paulo, employing an acid hydrolyaia 

procaaa dovalopad by th« NATIONAL TECHNOLOGY INSTITUTE. 

Annual avail abiliti«» of vegetable raaidu« 

originating fron th« lumbar induatry ara «atimatad at 

15 million tona, which, if fully utilitad, could pro- 

Ano« approximataly 4 billion litar« of «thanol and 3 

nillion tona of cok«. 

\ 
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4. PROSPECTS OF NEW ETHANOL-BASED CHBMICAV. PROJECTS 

Figure 4 shows the routeg of an ethanol 

chomical industry, stressing those already manufactured and 

those about to be utilized in Brafcil, with defined operating 

units.  The otherc represent projects which may be feasible, 

presently under consideration by different producing companies, 

The already defined projects represent in- 

vestments of approximately US$ 100 million (historic value) 

and involve an additional alcohol consumption of the order 

Of 400 millions liters/year. 

Prospects of Implementation in the country 

of some specific projects are set forth below. 

4.1. Production of Ethylene and Privatives 

Brazil has at present, in operation, t%io 

large basic petrochemical complexes  (PETROQUÍMICA 

UNIÄO S.A., in Sao Paulo, with a 330,00 ton/year of 

ethylene capacity, and PETROQUÍMICA DO NORDESTE S.A. - 

COPENE, in Bahia, witii a 384,000 ton/year ethylene 

capacity), and a third under project to start up in 

1981 (PETROQUÍMICA Do SUL - COPESUL, in Rio Grande 

do Sul, with a 420,000 ton/year ethylene capacity). 

The production of ethylene by means of 

•thanol dehydration, therefore, shall probably take 

up, still in the future, a fundamentally supple- 

mentary character in relation to the manufacture of 

••me by means a petrochemical route, and be directed 

toward strategic projects, so considerad those whicht 

— require small quantities or raw material; 

— attend to small expansions of ethylene con- 

suming units, which would not justify expansion 

of naphta pyrolysis complexes» 

— «re located far from petrochemical producing 

complexes ; I 
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— meet  regiano1   raw material  -upply schedules. 

Within this  picture  in   included  the above- 
mentioned project of ftAl.CKUA ethyl rue unit   n<   Macelo, 

Alaqoa.s,   intended  to produce dichloroothano  locally, 
which  Khali   be   sent,  to  MVC/1'VC processing uni ts  in 
other  parta  of   the country.     This   plan  shall,   not only 
allow utilization oí   tit,-   chlorine   (produced  th.ro but 
also   Uto  region,^   availabilities  or  t,thyl  alcohol. 

COl'Kü.MO oji   11 ;    turn,   an   anticipated,   bar. 
been  studying   I ho adaptation of   its   butadiene   unit 
to  produce  ethylene. 

On   the other   hand,   the   Ethylene  Unit of 
CIA.   BRASILERA  nj; EST] v.i^O  has   just   been modernized 

and  expanded   to provide   the  requirements of  its  Ethyï- 
benzene-ßtyrenc Unit,   to  supplement  petrochemical 
ethylene  feedstock. 

At   the some   time,   other   opportuni I too  arc 
beJnq  .1nver,t.1.qat.rdf  am^n-, which   th,   utilization of 
ethyl  alcohol    in Campos,   í;.ULO  of   IUo de Janeiro,   as  a 

possible     suppléant  to   feasible  petrochemical  project«. 

4 •2* Ü£2£lHi:yP
!
L°LL l^iìl^!hX}}¿\_íiílíLLÜ,rilativo« 

Acetaldehyne   and   its   closer  derivatives 
(acetic  acid   and  solvents)   wexe  always produced   in 

braun   by mean:;  of  an exclusively  ethanol-chcmical route, 
and we can  cay  thU the   technology   for obtaining them 
from  cthano.1   has  been  entirely  absorbed  by  the   companies 
employing  same   in  the  country. 

C0P1-;J?I>U has  a project   for integrated pro- 
duction of MVA  from ethyl   alcohol  and in thin respect, 

in  addition  to  the aforementioned plans  for ethylene 
produci ion,   it   shall  be  promoting   the  reactivation of 

its   nee tal denyno unit  and   the   installation of  an  acetic 
acid plant,   for which the  possibility of adapting 

• ~m *_ 
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«Jtieting domestic know-how íB baing considered. 

RIIODIA,   on it-î  turn,   has a project to manu- 

facture ethyl   accinta at ito.industrial  complex,   at Pau- 

line*,   r.r.o Paulo.   PxnancHnrj   its   ciiMcity   from  9,800   to 
25,000  ton/ya.ir. 

Tl-o  i.'ïc.-iiiiolo'jy   to produce  n-butanol  and  2- 

QthylJu-vnol   y-cm eth/1  alcohol   may uYxo  be  connidor«d 

fully absorbed.     Products obtained by moans of this 

route are  beinrj  placed competi ti ve] y  in  the market, 

and Eì.KKJ-:i!<oz  Do I.OPDKFTE bar, a project  to expand  five- 
fold  its   installed  capacity. 

Another  alcohol,   the  local  production of 

which  is  foremen  for  the  next years,   is pentaerythrltol, 

©fataincd  from   form tick hyrie  and  from acetic aldehyde. 

Buch product  ¿.1KI.M.  bo produced at  the  industrial  set-up 

Which  COMPAN-ICA   J'líTPüOülMTCA  DO  NORDOSTE   -   COPENOR   ÍB . 
Implement î.ng  at  c.im/.c.-.ri,   P.ahia. 

Aiv,1h       i   eject  already riofined  in  thi» 

area   i.y  JOj   !>tai.u;vLüii oí  mon«.chloroace 1.1c acid    at 
CO«: :,;      j ,    " -hi.,-, . 

his   hi 
HO'-:c'i;rr  DC  tilosa QUÍMICA  E   FARMACÈUTICA  S.A. 

is   ')t-n  ut   li-iL.i  a-ctvJcìi-hydu   te, produce  chJoral   and 

Du" at  ih!;  so  l'.m'o   fKHiiics,   and we are  informed of 

a i-.-u pr.>.}( ;¡    |,.(   <;,c n„nu:-aclure oi  .such derivatives 
in Mac e io,  Alayuar. 

la-cauction c-f butadiene from   Jthanol 

Vzocor.u   U     ti?,  conoide ed  non-oeonomical  in Brazil, 

and  lt  ir,  ni.ti<;ìl..ii.ed     hnl:  there  will be  a  growing 

•upply of  tins  baüjc  item ap  co-product   xn the manu- 

facture of petrocheiuicfil   ethylene. 

-»»- 
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The technology to produce ethyl chi orldo, 



•VP * 

-?Hm 

practiced during may years in the country and for 

some time suspended by producing companies, has been 

recently taken over by CTA. I3RASTLFIRA DE ESTlRENO, 

which developed its own process. 

Sucli procès-., already «uccossfully tested, 

has been utilized In a pilot plant to produce ethyl 

chloride consumed by the company as a catalyst in 

athylbonzene manufacture. 

As regards ethyl ether and glycol other«, 

»anufaclurjng procesar, are controlled by companies 

utilizing name.  RHODIA intenda to expand and modernize 

its ethyl ether phmt, while OXITRNO DO NORDKSTR S.A. 

has a project for u new glycol ethers production unit. 

Table IV show:: the list of othanol-ehemical 

units already ine tailed and under implementation in 

Brazil.  The liât is limited to immediate ethanol deri- 

vativea,do3pite the fact that from the intermediates 

indicated therein other chemicals already produced in 

Brox.il are obtained, r,i h OM vinyl ace* ate, cellulose 

acetate, acetic anhydride and chlural. 

\ 
i 
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5 •   H^NJKTHANOl .-CM Il-IMICA I. I' WESS" QUId•L_ ' N   BRAE11, 

Wo give  below a description  of  a few othanol- 

chemical processaci» already  utili zed  in Lhu  country,  an we.U 

an a preliminary  economical  oval nation of  uni tu employing 
such processes. 

5.1.   Deti£rJ¿)Lion_of_ Prooesros 

5.1.1.  K tJ 'Xi51n.c. ' 'rntl u c t ' • " ' 

The  basic   fcaluio of  the   traditional,   procera; 

for   tin: production  of  ethylene,   as   Hint   used  in 

Uracil,  by  KU.'TRO  CLORO,   JS  tho  rti root  doljydral Ion 

of   othaiiol   vising   ,i   ¡;i!ira-üiui'ii.ii¿i   catalyst.: 

C^Oll c2,f4   "•   »2°    "    }0',J   Kcal/mol 

'flu;  reaction   is  carried  out   at   temperai uren 

between   300   -   36(><->c  and   low m< ssiite  over  n 

catalyst   bed  in  a   tubular reactor.      It results 

in   the  formation  of  several   byproducts,  such 

as   coke,   ethyl   ei'>r,   carbon monoxide  and carbon 

dioxide.     Meat  for   the  reaction,   is   supplied  by 

the   circulation   through  the  reactor's  filici!  of 

a  heating  fluid    (for   example,   "Powtherm") . 

Ethylene  in produced  97-98% pure,   being ncccr.nnry 

further distil lai i on  to give a   99  per cent pure 
product. 

PKTKOhJîAK   WJEüAllHl CENTHR   -   CENPKS has 

developed nn    adiabatic    variation of this process, 

npurred on by  the  high coste of  tho earlier 
iaothorm i c procer.s . 

Feeding et.hanol  and steam  into a row    of 

reactor» resulted   in a large reduction in coke 

formation,   longer  cntalyct activity,   and appreciable 

inarcano in conversion and considerably less 

byproduct production,  when tented on a pilot- 

j 
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Bcalc.     It WîUî  then nccofsr.nry to tent tha 

process semi-come,-daily,  which   ,as done with 

d  prototype  pJant  «it  UEt'lNAlUA DUQUK  DE 

CAXIAS'   : j.tu at   Duque do Caxiai;,   HLo do Ja- 

neiro.     The cnpac.ify  ">f  the  reactor way  de- 

termined by   ¡.ho  adiábante In!.-   lour of  the 

roacUi.-ii,  v.'.itho.i'   • i"  TIM! Oí:  additional' heat 

to  replace  t i.- ..   *! ; •,'.. 

1)it' f'O  tnn/yca.   prototype han been  in 

opera» ion   for a  yo,i.r and r.eemu  to confirm 

the efficiency   of   the adiabattc reaction. 

HoíiU.H-:? oí   runuih'j   'Jit   plant   have  BO far  shown 

that   r.< -tiv •'•s.i.on   i:-   m   '• he ordor of   f.-H  per cunt 

nrd  Hior  is  n >   los.;  of  activity or  selectivity 

of   tne evtalysL. 

Jjv.lur.t r ,.a.'   ideu (,.L may  ba 'jsci with  no 

*/'.!'  mc!:t,   iu:'    as  puri f ¡ c.a\1cn.     Also,   there 
1  •   .1  f>n. ;  ¡.-. ;.1 i i y   u¡"  Ojit   .iLiinj   L be   i ua   leu   ¿iL 

',.'!.'•.•   pT.üíiur«:?   tili.!     [. reviou'.ly with no losj 

Of       '1  XiiK.i-.    COïK't'î   ..¡Oll. 

'"In.    f.''. -v. .ho    .   fi.    (iî<    Cb'^riCS'   pre. ref ti   is 

di ..v   ..   .¡li   1 s.V:"     ..    it:.,.;.»   ncLiuv.!    and  FIGUR« 

t.-     (pli J. .1        "<";( .: fi)    í,v. < .» .i.e.'!) . 

rh:) proco«, n   i'-,   c'-rrved  out by  uri rig  a 

ro.^íi^io ujo-) of  flirr«.   roi>ctoia   i.n a row,  giving 

qrcaUi   v'lfi.  Jrivy  im   lower  invent'ient  and 

oper n.i no  c >•-•*: a 

T :.!(.• tirs;  ¡u (!  a con'-erf-joiiiil   fired  bed, 

wi.-cro.  the  ):e;iu.:(p   ia  c.irr'eii  out.     Tth.j  tcm- 

pc r n' 'ire   la] i H   1 >.-i»u9'i  the  bed,  dut   to  the 

undothermic tciot  on. 

Wr - i.    V- 

Heat for  the  re »et1 on     ¡J supplied by direct 

heüfincj oí*  the  e l cobo ">   and   .njocttonr; of H'jpcr- 

heatcd rteam in direct   con'.act with ilio alcohol. I 
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The configuration of three reactor»  in a 
row allows to operate each  reactor with  the 

same inlet-outlet difference of temperature . 
and processing a greater amount óf alcohol in 
the second and third reactora. 

Impure ethylene is produced at a 5 kg/om? 
gage pressure. 

The ethylene is compressed and sent to the 
purification section, where  it is first refri- 

gerated and then fed into crystallizors  to promote 
the formation of hydrate.     It is then passed 
through a molecular 3icve,   to remove residual 

water, and a distillation column, where propylene 
and heavier hydrocarbon impuri ties are removed 
at the bottom. 

The resultant ethylene contains a maximum 
of 50 ppm propylene,  0.5 percent ethane and ita 
daw point is -40°C. 

S.I.?.  Production of Ace'•aldehyde 

The process utilized in Brazil comprises 
the catalytical dehydrogenation of ethanol, in 
the steam phase, according to the following 
reaction: 

CH3-CH2OH    '¿fficj*      CH2-CHO + H2 

ethanol acetaldahyde 

Flowsheet of process ia shown in Figura 7. 

The ethanol in the storage tank, together 
with alcohol recovered in the process,  is 
vaporized and fed into a reactor  (one or more 

converters) ,  wherein it goes  through a chrome- 
copper catalyst, over a fixed bed, at 260-330OQ 
température and low pressura   (3-8 psig) . 

I 
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Efficiency for acetaldehyde la 80-927; 

for liquid byproducts 12-6tt, and gaseous 

byproducts 3~:n. Main byproduct« arc cthy.1 

acetato and acetic acid and, in smaller 

quantities, butyraldehyde, methyl-ethyl-ketone, 

ketone, butano!, methane, ethylene, carbon 

dioxide and monoxide and unidentified oils. 

The catalyst is regenerated from time to 

timo, which is done in two stages: withdrawal 

of carbon deposited by using as a burning agent 

air dilluted with dry steam and reduction of 

copper oxide into metal by passing a hydrogen 

stream. 

Normal operation period of a converter is 

700-1300 hours;, and reactivation period is 70-90 

hours. 

The acetaldehyde recovery system consists 

mainly of two condensers, one low-pressure and 

the other high-pressure, and a gas washing tower. 

The major portion of latent heat of the 

converter's effluent is removed in the first 

condenser wherein the largest part of un-reacted 

acetaldehyde and alcohol is liquefied. 

The remaining gas is then compressed and 

goes through the second condenser to remove 

further the heat, nnd is subsequently washed in 

a tray column.  The hydrogen withdrawn at the top 

Of the gas washer leaves the unit to bo used as 

a fuel or sent for flare. 

The washing tower bottom stream joins 

with the low-pressure condenser liquid effluent 

and, after being mixed in line with an acetaldehyde 

stream recovered in the process it is fed into 

a distillation column where high purity acetaldehyde 

is separated at the top and goes into storage. 

-* ^ 
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ThQ  occtaldehyde column  bottom stream, 
containing  mainly etlianol  and water  and a 

omallor quantity  oí   light   and  heavy  byproduct« 
la  sent  to   the  byproducts di r.til.lati.cn column. 
In this  tower,   compounds of  a boiling point  lower 
than ethanol arc   separated   at tlic  top,   whereas 

un reacted etlianol and higher boiling point 
compounds   are  removed  at  tbo  bottom. 

The     overhead       is sent  to an oil washing 
aystern to   recover  acctaldehyde and other 
byproducts;.    Such  system comprises mainly an 
oil  decanter,  an oil  extractor and an oil storage 
tank. 

Initially,   the byproduct:; column overhead 

is mixed       with water,   in   line,   and the resulting 
mixturo IB   sent  to the oil   decanter where the 

major part   of ethanol  and acctaldehyde present, 
it»  iùHiovud,  and   is recycled   into  the acctaldehyde 
di :;( i 1 lati on column » 

The overlay! n., oil  feeds  the oil  extractor 
in counter-current with a   flow of pro e cur. 
water.    The bottom Hire.un      of  this column,  which 
contains  a   largo quantity of byproducts,   IH 

fed    again   into  the washing   system or  returns 
to the distillation system and  from there  to the 
acctaldehyde converters.     The rcnidual   oil 

leaving the top of the tower  is  transferred 
to  the storage  tank and used  as  fuel. 

The bot loin product of  the byproducts 

distillation column,   in the  form of an ethanol 
water solution,   is fed into  a sot of distillation 

columns,  where alcohol  is recovered and purified 
and water  and byproducts arc discharged into the 

sewage or  sent  to the oil  recovery equipment. 

The recovered alcohol  is let out vaporised 
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and serven to feed the converters, rrosh 

alcohol comino from the storage section la 

alio vaporized with the recycled material 

replenishing the required feed   volumo. 

The acetic acid process developed hy PIüTIKXHUUA 

consists of -in improvement of the existing 

domestic acetic acid technologies based on the 

liquid phase oxidation of acotyldohydo. 

A basic feuturc of this process is the 

utilisation of the oxidation gas (air), prior to 

the reaction, to recover the aceta]dohydc contente 

of the reactor effluent.  Alr.o, the catalyst, ir, 

held in a closed loop system, so reducing louses. 

The unit operates at low pressure and 

taperai nro, Pnd ¿, BpCciay  design of the reactor, 

sparged, allows to operate with high gas 

space  velocity without: excessive acetaldohyde 
entrainiiK nt. 

At present, a new catalyst system lu under 

development toward obtaining a selectivity im- 
provement . 

Figures fl and 9 show the réaction ami 

purification sect ions of the process. 

Fresh high-purity ucotaldohydc, oxidation 

gaa, recovered aceta ldehyde and catalyst are con- 

tinuously fed to the reactor, where oxidation 
takes place. 

The reaction, which can he represented 
by 

CI!, CHO 4     1/2 0¿    .^ CH3 CUOH 

!• highly exothermic, being developed around 

w      % 



FIGURE— 8 
ACETIC   ACID  FROM   ACETAIDEHYDE   PROCESS 

— REACTION  SECTION— 
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ACETIC ACID  FROM ACETALDEHYDE  PROCESS 
-PURIFICATION  SECTION- 
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70 Keul/rnol. In order to remove the hout of I ho 

reaction, the subsfract from the joaefor tu cir- 

culated   through  out side  coolers. 

Tin)   liquid  offuenf  from  the   reactor con- 

tnintj mainly  acetic   acid   ¿nul  .small   amounts  of 

by-producl.'.,   such  as   formic   acid,  methyl   acetate 

finti  olla -ru.     Thir,  r.troam   ir.  first  stripped  oí   if« 

neetaldehyde  coni enl s   in   1 lie  aceta.1 dehydo   sl.iippin-j 

column.      'l'In'  temperature   ;nul  pressure   in   fhiu 

coi unni   cire  set   to  ni.i1nt.ein,   for   safety  ptu p'.ee: -, 

a  certain  amount  of"   acetic  ac:id   in  1 lie  top  si n.Min, 

that  ijoe.s   further  to  the   reactor. 

The  bottoms   <jo  to  the   product  recovery 

column,   v/hrro   the   incornino,   al r is sa t united   with 

acetic  acid.     This   stream   i :   condensed  and   the 

resultiti«)   condensate,   crude acetic  acid,    Is   sent 

to   the  purification   section. 

'•'ho   rjtT~i'Oii:-.   f'ffl nr>n<     from   thr>   re.ielov 

conlalns   mainly unroaeted   acctaldehyde,  carbon 

dioxide,   nltroqen and o>;J<jen,   of which conrv-iil ra- 

ti on   is   hept   low  In   avoid   fire      hazards.      This 

f'.fream   Is   first   washed witJi ended  acet i.e acid,   in 

the  acetaldehyde absorption column,   in order to 

remove  the entra i neri  acef aldehyde. 

The  acetic   acid   leaviruj   this   tower  in   the 

overhead   stream  i»   recuperated   in  the  acetic acid 

recovery   column hy washing with  chilled wafer. 

The  vent   tjns   is diseharijed   into  the  atmosphere 

and  the  bottoms are   sent   to the purification section. 

The purification  section receives  two 

main Btroamrj.     Tlu;   firnt  one,  crude  acetic ncid, 

io  the condensate  from the product  recovery column; 

the* second one come«  from the acetic  acid  recovery 

column. 

i 
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This Motion consists of an allotropie distil- 
lation system, where othyl acetate is employed at 
a solvent. 

Acetic ac  d coming from the reaction 
•action is fed into the aieotropic distillation 
column.    The solvent is fed few plates below the 
top plate. 

Water and light byproducts are entrained 
by ethyl acetate,   and leave the column as overhead. 
After condensation,  this stream splits into two 

layers.    The organic layer returns to the column* 

The acqueous layer is stripped, with 
•team, of its ethyl acetate contents, and then 
is reut i Used.    The acetic acid product is recovered 
aa a liquid from 3 to 6 plates above bottom and, 
after cooling, goes into storage.    The bottom«, 
mainly heavy byproducts, go to a film evaporator, 
where they arc exhausted of acetic acid contenta 
and. then sent to disposal. 

5.1.4.  Butanol and Octanol Production 
lini I  -j-     inn «—— , i,  mmmmm—— 

In Brazil, the traditional process to 

obtain such products from ethanol is used. 

In this route, acetaldehyde (by dehydro- 

fenation of ethanol, such as explained in item 

4.1.2. above) and erotonaldehyde (by aIdolila- 

tion of ero tona ldehyde and subsequent dehydro- 

fonation of aldol) are initially produced. 

Next follows hydrogénation of ero ton- 

aldehyde whereby the n-butanol and butyraldehyde 

nr« obtained, the latter by uncomplete hydro- 
génation. 

Thf; production ratea of n-butanol/butyr- 



aldehyde  nui y be controlled   in order to produco 

a larqer or smaller quantity of butyraldohydo. 

The  react i on control   in done; mainly by the con- 

centration of circulât iiitj hydrogen. 

If  the purpose  is  primarily production 

of n-but artol,  butyrci l.dehydo may be recycled until 

complete  extinction. 

If,  on the contrary,  the process   la  in- 

tended to obt.-iin oet-mol   (2~et hylhexnnol) ,   hydro- 

génation   i ;; controlled  in  aw.h a  wny an  to maximixe 

hutyral.dohydi» production,   which    however dooa not 

prevent   form.it ion of n-but .tnol  as a byproduct. 

In this  lapt  eise,   hul.yralclohydo  goer, 

through  an <t irloli/.ü  ion and   uuhfioijucnt  dehydration, 

forming  2-othyl  hexenaJ.     The latter io hydro- 

gcruited  to  2-ethyl liexanol. 

Schemuticiilly,  the  above route may hv> 

roprouontod na follow.;: 

ttSLCIlgU! 

otluno.1 

cTehyr lnx|en.i H oij 

n-butanol JpSL»3Ea«£n 

a.n3ai2ai2nio 

luttyniltlehydr! 

Ialdol.iKation 

* defiydratlon 

ai3ai2cii2CTi c-cnio      latììi'SEìaMsa. 

aip 

2-cthyl hexon.il 

lavalo 
acetaldi hydo 

aldoliaation 

• dehydration 

ZCHjCII-aCHO 

orotmvilclehydo 

aijaijpijjOt^cicfijai 

ay 
2-eihyl liexnnol 

ai2ai3 
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Thc! flow-sheet of the process,   comprising 
from aldolization of acetaldehyde until  roeowy» • ... 
of  n-butanol,   is  shown  in Figure;  .10. 

Acetaldehyde,   in the presence of small 
amounts        of di 1 luted soda   (10V;) ,   is  fod into a 
column where,  by condensation,   it  is  converted 
into aldol.     Ai doll ziition is  carried out at a tem- 

perature of 5 to  2 5°C and conversion of  acotal- 
dehyde  by pass rangea  from 48  to  GO'S.     Uncon- 

verted  acetaldehyde  is  recovered as  overhead and 
recycled. 

Aldo] i'/ation product is sent to a de- 
hydration column system to be transformed  into 

crotonaldehyde,  which  is done in the  prononce of 
monosodi, um phosphate. 

Bottoms of  the' first column  consists 
mainly of water eliminated during the reaction, 
which  is recovered and  reuHlizec!  in  th*j proco«?». 

Dehydration  in this column   is not com- 
plote and its ove   head  is sent t    a   second column 
to  proceed with the reaction.     Here,   unroncted 

acetaldehyde  is  further recuperated  as overhead 
and  recycled. 

Reaction mixture leaving the second column 

is  Bent  to a decanter to separate tic crotonaldehyde 
and  in then fed into a  third column.     The overhead 
of  the  latter  is recycled  into the  second column, 
whereas a new stream of process water is  recovered 
from bottoms. 

Crotonaldehyde  follows toward the evapo- 
rator and  then to the hydrogénation   furnace, where, 
in  the presence of a nickcl-chromo catalyst,  it is 
converted into n-butanol  and butyraldchydo.    Tem- 

perature of the operation is 180OC and pressure 
30  psig. 

i 



FIGURE—IO .4P.   SUTANOL   AND  BUTIRALDEHYDE 
FROM  ETHANOL   PROCESS 
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Reactjon product is finally split in a 

two rectification tower« system, and butyral.de- 

hyde is obtained from overhead of the first and 

n-butanol from ovi rhond of the sc :ond tower. 

When the intention is.to produce only n-butanol, 

buty»aldehyde returns to the reaction for further 

hydrogénation to that alcohol. 

Figure 11 shows, on the other hand, 

the flow-sheet of 2-othyl hexanol production 

from butyraldehyde. 

Dutyraldehyde in  fed into the aleolic 

condensation reactor to form 2-cthyl hcxenal. 

Small  quantities of Cp isomers are also produced. 

Reaction in carried out in the presence 

of NaOM 10%, and fresh soda, joined with recycled 

soda, fed into the reactor top.  This is provided 

with a serpentine for internal cooling to remove 

the heat of reaction. 

The organic layer split at the decanter 

of overhead in  cooled and sent to a tank where it 

joins the organic layer split in the bottoms de- 

canter.  The ncqueoun layer of the overhead con- 

st i tutee the soda recycle, whereas the acqueous 

layer of the bottoms is sent for treatment and 

disposal. 

The organic product then follows to be 

washed with water in order to remove the major 

part of entrained soda, whence it is transferred 

to the first stage of the evaporator. 

Hydrogen is used to lower the steam pres- 

sure of the 2-ethyl hexenal misture, in order to 

Minimise the product's thermal degradation. 

The liquid originated from the overhead 

i 



FIGURE—Il 2 - ETHYLHEXANOL   FROM  BUTIRALDEHYDE 
PROCESS 
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of the  two stages of the evaporator,  rich  in 
2-othyl  hexonal,   follows  to the hydrogénation 
flection. 

The  steam resulting   from  the first 
•tage of the evaporator,   containing mainly 
hydrogen,   is  recompresscd and   reintroduced  into 
the evaporator base. 

2-ethyl hexon.il   is combined with  hydrogen 
and, after pre-heating by means  of exchange of 
heat with  the effluent of the  primary hydro- 
génation reactor,   is fed  into   it.     This equipment 
in provided with a  fixed bed,   containing a  nickel 
catalyst.     Reaction  is carried  out  in steam phase, 
at  a  temperature of  140OC and  pressure of  135 psicj, 
and about 99?,  of  2-othyl  hexen«!  is  converted at 
this stage.     The reactor's product  is cooled and 
the uncondensed steam  IS  recycled  for further 
conversion. 

The  liquid product then goo« onto tho 
secondary hydrogénation reactor.     Reaction  Jn 
carried out in th    liquid phase,   .,t about  60Of 
and 1*00 psig pressure,  and through it unrcactod 
aldehydes originated  from  the   first  hydrogénation 
»tage arc hydrogenatod.     Unreacted hydrogen separate 
from the  reactor's  effluents  to  be  used as  a  fuel. 

Hydrogénation crude product consists 
mainly of 2-ethy]   hoxanol,  and   has as impurities 
n-butanol,  aldehydes and heavy  compounds. 

Recuperation and purification of 2-ethyl 
hexanol  is carried out in  throe   distillation 
columns.     The   first column separate, in the overhead 
the n-butanol  and other  light components,  which 
may be further distilled to recover  n-butanol. 

The second column recovers  2-ethyl hexanol 

-w W. --.««* *•»«*«••«• i 
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am        overhead,  while  the bottoms go on to the 

next column.     In the latter,   the overhead, con- 
taining 2-ethyl hexanol, is recycled to the 

first column, whili heavier products are rejected. 

5.1.5.  Butadieno Production 

In this process, which has been used in 
Brasil by COPERBO, the following chemical reaction 
occurs : 

CH3CHO    4     CH3CH2OH       *.       CH2CHCH«CH2+   H20 

acetaldehyde        ethanol butadiene      water 

It is believe,  however, that such reaction 
takes place in two phases: 

(1) 2CH3CHO    ».    CH3CH«CHCHO  + H.,0 

acetaldehyde crotonaldehyde       water 

(2)   acarara) + ai3cH20H —». CH2»CBCH=CH2 + cH3ao + H2O 

crotonaldehyde     et]»anol butadiene      acetal-   water 
dehyde 

The process'   integrated flow-sheet,   from 
«thy alcohol,  is  shown in Figure 12. 

The fir3t stage of the process  comprises 
dehydrogenation of ethanol to acetic aldehyde,   and 
is completely identical to the process shown in 
item 4.1.2. 

The second stage involves manufacture of 
butadiene proper,  and is examined in more detail 
below. 

Acetic aldehyde and ethanol vapours,  from 
distillation columns overhead of thè acetaldehyde 
section, are mixed at a rate of 2.5 mois ethanol 

for 1 mol acetic aldehyde, pre-heated and fed into 

i 
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the butadiene convorters. Here thoy aro dm i nod 

through the catalytic bod (Bilica gol saturated 

with 1.75 - 2.25% tantalum oxide), at low 

pressure (3 - 8 p.ig) and high temperature (320- 

350°C) . 

Under normal operation the conversion 

by pass is rather low (8 - 12?; butadiene, in 

weigh I), and it n; neco.fary to recover and 

rt'cyrlf ili- majo1- part of the unreacted feed 

stream. 

The effluent from converters;, in addition 

to butadiene and steam, contains byproducts which 

comprise i vom ga e.;, mainly ethylene, up to 

high molecular woi/pt hydrocarbons, carbon deposit..';, 

and «omo o.xigennted compound!; such an ethyl ether, 

n-butanol and acetic acid. 

Tutal officici cy in elhanol-banod 

butadiene ethmxl normally ranges between SO- 

6.3'c, including lo.'-.ivs in efficiency in acetic 

n1dehyd<" produci.'fin anc! Jo «it,« v-  relativi) to produci: 

rocupe* i! t .1 on and ' n> un fer . 

"oiwrr'.e- .; cent;int. of ¡leverei1 steel 

tule, , JriM. ,i w' :•.  •. ol. l.y:'t, closed inr.ido a 

tubuJur iurn. ci. .  The reacción ir. endotherm) e 

ard t)ie he-t r- r t'u reaction .1 M provi ded by a 

nowthen, bath, WiiLch r.urroujvh; the tube;:. 

After a BOl/'O hvjr  production period, 

the calalyn'-. i<\  react4ved throughout ^4-48 hours 

by burnirà ca.-bon through a controlled passage 

of air at <.<00-4:o°c. 

Vapour írir-i the converters pannes through 

feed nro-hta ;ers and goes irto tho low pres- 

uure condenser. The condón «ite goes to the low 

1 
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pressure condénsate tank, while uncondensed 

vapours flow to the top of the tank through two 

••parate strippers, are compressed and sent to 

the high pressure condenser. 

The high pressure condensate and the 

cooled vapour feed the bottom of the primary 

washer, whose gaseous overhead flow to the bottom 

Of the secondary washer. The gaseious overhead 

of the latter leaves the unit to be used as a 

fuel. The low pressure condensate join« with 

the liquid bottoms of the washers and follows 

toward the pre-distillaticn column. 

The overhead of this column, under normal 

operating conditions, has 80-85% butadiene and 

10-15% acetaldohyde. Bottoms are taken to the 

byproducts distillation column, and from there 

goes through other stages to recuperate other 

useful components. 

The overhead stream of the pre-distilla- 

tion column goe3 into the base of the washing 

tower where,the process water ie introduced at 

the top and absorbs the acetic aldehyde and other 

•oluble impurities. This stream is normally 

carried to the oil washing systems or, .alternately, 

»•nt to the feed tank of the acetaldehyde column 

or down the drain. 

Under normal running conditions, the 

overhead gas of the washing tower contains about 

9St (in volume) butadiene. Such stream is taken 

to a tower, where butadiene is absorbed selectively 

by Chlorex (ether di (2-ethyl chlorine)), and is 

separated from the major part of other component 

gases (methane, ethylene, propylane and butane). 

In the stripping column, pressure is 

-* V- 



reduced and the butadicr.e-chlorcJe  solution 1B 

din tilled  to Hi,.;,m    to strip a.U  hydrocarbon 
preBcnt.    The chi. led vapour is expressed and 

fed to the butadieno purification  columns. 

The reftldual  gas of  the  «absorber 1« re- 
cycled to rccupr.r.-.tn butadieno and  butènes, or 

HMiy be  sent an fuel to  the Dowtherm furnaces. 

The water-rhlorux solution  leaving the 
bottom of the stripping  column  1.«    sent   Lo a dis- 
tillation column  to recuperate Chlorex.     The 

latter  is routiJized  in  tht» absorption  tower. 

The butadiene purification syatems con- 
• iatu basically of three distillation column« in 
a row. 

Vaporised  feed,  containing  96-96.51 
butadiene goes in  at  the  firat column,   where th. 

butadiene goeo out  as overhead,  while  the botto*., 
containing  50-75*  butadiene,   parses  on  to the 

•ocond  column.    Hc-e,   b^icnUy,   „n  buteno-1 l« 
^paratcd in  the ov.rh,   1 ..-,  ,hat  thc  critic¿l3 

•epurati on effected  in  the second  column if of 
butene-2  from butadiene. 

in the  overhead  from the  n.r~i. and second 
columns  butadiene has a purity of about  98%,  and 

auch  ntronma represent  the final product,  which 
Is  lient  to storage. 

The third column operator  with  a high 
refJux      to   cxhailKt any but.adlRno  utill prcHcnt 

In  the  but one mixture  leaving thj bottom of thc 
•ocond column.    Butènes  and heavy  residues are 

colJrcted in the circulation drum,   to the extent 
that  the butadieno  content reduce«  evenly.    At 

laut,  batch diati] lation of ths    fraction    of 

I 
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butenes left in the heavy residuos is don«. 

5.2. Technical and Economical Evaluation 

Tables  V through XVI present a technical 

and economical evaluation of the units which employ the 

processes described above, comprising an estimate of 

investments, operating costs and sales price of the 

products, under Brazilian conditions as of September 

1978. 

Tables   are self-explanatory in relation 

to criteria utilized to calculate investments and 

operating costs of the respective units. 

The fundamental object of this review 

was to «valúate the impact of the subsity instituted 

for alcohol over final prices of the products, as well 

as the competitiveness of processes under consideration 

in relation to those of the petrochemical industry. 

In this sense, two price alternative of the 

raw material (ethanol) were contemplated in each case: 

— industrial alcohol, at effective price 

in domestic market (US$293/ton ethanol); 

—• alcohol subsidised for the chemical in- 

dustry, at a price per cubic meter equi- 

valent to 35% of price per ton of petro- 

chemical ethylene (US$170/ton ethanol). 

Moreover, since the acetaldehyde and the 
acetic «cid are only produced in Brazil from ethyl al- 

cohol, in addition the review of its production by a 
petrochemical route was done. 

Table XVI1 summarizes, for each product, 

the sales prices estimated for the two above alternativ«», 

comparing same with effective prices (or which could be 

i 



TA HI I - V 

PROU Sî. fCONOMUAI   I VALUATION 

rSTIMATtD IN\   STIMI NT 

PflOOUCT Kthyli no 

pwortíií ivu.tifili - ONTU; 
CAPACITY fio.nno MTY 
LOCATION Bi,iy.il 
DATI 1"»    III».    IT/9 

I     1      I.     M 
BATTI WV   UMIT5 CAPITAI   POST I If.HI I 
orism •» CAPITAL COST  IOMM I 

TOTA!   rixrt) CACliÂl. " * 
WOttMNI   CAPITAI 
Tnt"ÂT~ INvisiMlNI 

 V_ A  L_U J_ iU»_M 

r/~ 000,0 orí" 
4. (Kin, 000 

  V .üQO.ífiflü ZI 
'i,i.D'i ,i»in 

MANirA(.TuuiNü cor.ir, 

 1—¿L.,(jUÜ«0ilU .  

r.STIMAIID MANUI AfTUIJINO VOM';   AND  UfANSrrR  PRlCf 

I IN'I   'CJMMIMPIIOH 
I H'Jll  .'  K»f,    f,io<i I 

I-RAW   MATIWMir. 
Ktli.inol    ( 1 un i) 

t-Utmr*,Vì ANO CHI MTAI.I 
Cntnlynl. 

3-IJTM ItWS 

Cool in<j W.il-.f't 
1'rmpn W.iU'i; 
Rtfiuii 

Kind » IcJly 
FIHTI   UJ I    («)71,(1   kc:rt1/kt|) 

l-OTMtir. 

6 -HTfHÜÜUt lî>  r»FD)T 

ÏOTA1    vSwiÂiïl!   CÖsfT 

FIXED MANUKACTUHIN0 COf.TS 

cobipwtivn 
lll'.S/twi C>P*I! 

'.01.01 

0.26 

7.14 
].0C 
B.2!) 

4.75 
3.70 

I-LAbOUK 

* -MAIMTCMANCt 

» -»»»»rciAIION 

4-INSU« AMO TAXES 

»-«.AMT ove mit AD 

TOTAL rimo cosrs 

TOTAI   MANUf A( TimiNG   C r-f.tr; 

M» TURN OK  INVI'.IM(NT   MtfO'd    TAX 

TOANOriH  MHICt 

LWUJAHON  UASir 

OPI HATION. MAINI rNANff ANI) PlfOmr. l'I UMiNNfl 

5% or  issi 

io % of  ism. *• ',% or osm 

i % or  ism. 

?oo% oi   LADoim 

y •*'<" '*»fi   ">i" "i. » '7 7—/ "",7" 

•'T/' 

Z!.%    01     TOTAI    INVI.',((.'1 NT 

(*)Ni#»«uliBldl»!C(l i UKIMOI   prico 

ANNUiM   ru.» 
in*?) 

3(1, (If. i ,000 

lï>,r.oo 

42tl,400 
6 3, MO 

49'J, (10 0 

2?J ,'J'.Z 

'.26.19 M;.T.w..y>;".y*V7"11 

6.50 

8.50 

31.67 

5.67_ 

13.00 

(>;.3< 

591.53 
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702.16 

31 ,r>7J .1 I •/ 

.3*0,000 
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lABlf -VI 

PRrXt'.ü ICONOMKAI   (VALUATION 

tSTIMATfD INVIX.1IMINT 

PBOOOC1 tlhyl,<iu! 
«jocrss »viníu-.y. - «T*í»I-:»¡ 

CAPACITY 00. (100   NTY 
LOCATION IJia/1 ] 

TT     Î      M" 
BATtttlY   UMÍIS  CAMITArôïv 1 ( IKltfl 
OfTSITtS CAPITAI  COST   IOM»t I 
TOT Al   ft» I [> CAi'lTAL 
WOHMNG  f AI'MA"! 

TOTAI     INvfMMtMT 

"V*A   I    U  t.   in»»!" 
1 V,()(Hl,(IIIO 

"_4_, 00(1, (Hill 

_2JL,.00;!.,Mü_ 
 i,'/on, noy  

tSTIMATH) MA NUI ACTURINC,  C< v. I '.   AND  THAN!",!! « WtlCT 

MANUFACTURING COSTS 

I   tJAW MATlW.ii, 
Klh.inol   (ituw,) 

í-CATAtrSTK ANO CMIMCALS 
Catalynt 

S -UTlLITItS 

CoolJ/)tj W,Uci 
PrnccfiP Wat.rr 
fctc.im , 

F:ie<-frlclty 
fuel     (9750  kc«il/ky) 

4   WHIM 

»-•TPWUUCn   CKC0IT 

töTAi vAhiTûrrniôsfs" 

UNII UNII  CI..I 
Ilisr. .".'KU 

ky 

FIXED MANUFACTURING COSTS 

m 
« 

kwh 
lo''   kr.«) 

170   («) 

1. 30 

0.0b 
O.P.« 
Í).'JO 

Ci.02'1 
'S. 7« 

UNIT   r'i>N'.WMIM'ON 
(UM»  / l,n   prcicl) 

1.71 

0.?0 

119.00 
i.:»o 
l.'.o 

I'IO.OO 
0.f,4 

COM MWINIT 
(mü/l-m rr"'ll 

wiPH*'t'l*r?»r>-. il.ji»-v*itfvpif i i »-»rmr F  • j i, yy » TTT"1 

X^l). 70 
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TOTAL   H XII)  COSTS 
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TNAN&rru  Cm« 

OPINATION. WrtlNKNANCl ANO »'l-'OT»;» l'I Of.ilNNII. 

3%  Of   IRMI 

IO %   Of   I'¿HL • B% Oí  Osili 

? % Of    ISHI 

?00%   Of   t AOOOR 

'7V   »**""*,r-T " "* »•""• i '••;••' •. ••' mi »i 1.1   i n>miii»w 
~*L<L-L.S.; ^_,—„• .¿^.^¿.Ll/—  

*r".'./vm\ 
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lr. ,000 

424,400 
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49 T., 000 
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/.'/// 

6. r.o 

8.50 

31.67 

5.67 

13.00 
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J31-M. 

1£L2 ..SL2_ 
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3fi0,000 

r.io,ooo 
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340,000 
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-j.;'^.p.piL 

IZJHltM.,.. 
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J&JL*<uJ12. I 
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TABLE - VII 

PROCESS ECONOMICAL  EVACUATION 
PRODUCT Acetaldohydo ¡ 

PROCESS    Kti)£uiol L>-h>),:r<>>:-na,;Aort 

CAPACITY        45'°°ü "TV I 
LOCATION Braz11 "_'    ' 
OATF l&t   trim,   1939_..    > 

r. ••   jiTrr  |'_ivrrT¡*.'r\T 

I    T    E    M VACUE («ili 
lATTtftY  UVITS  CAPITAL COST  ( IsBl ) 

OFFSITES CAPITAL C05T   (t;SM.) 

7, 70'• ,000 
j,]o0,TOO" 

TOTAL FlXfO CAfV.Ai. .J i£4P.i*£ÛÎL 
WORKING CAPITA!. 

TOTAL   INVESTMENT 

I 3,300,000 

ESTIMATED MANUI ACTURING   COSTS   AMD  'RANSIER   PRICE 

 T 
MANUFACTURING  COSTS 

I-SAW   MATCRIAIS 
Ethanol   (100Í) 

2-CATALYSTS  AND CHEMICALS 
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'Cow therm   
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(ONU .   tai    prodi MISS /tor» proli 

m3 

t 
kwh 
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O.'jf, 
0.8?. 

5. Su 
C.0,''r 
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1.14 

N.A. 

N.A. 

140. 
0, 

6. 
70. 

0. 

OC 
.60 

CO 
00 

,08 

H<:*.oo(*) 
.Vii« . C'> f * », 

0. 0 4 0 
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n, o i fi 

l'fa,. 

EVACUATION   BASIS 

OPERATI Oí», MAINTENANCE I ND r-ROCFSS PtHSOWNt'L 

3%   C*   lcif>L 

10 %   OF   ISOL  + 5%  OF Or.BC 
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M4.0? 

0. 45 
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8.40 
0.53 

3 3.00 
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4,42 
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376»000 
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1,4 65,00t ¡ 
76,?50 ì 

19S,'.00 i 
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.   '' '•./•• 

_   .6 39,000   j 
     _ _ _        i 
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_ I 
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(*)   Fuel value (**)   ïirazilian market      (***)norw.iU.rsi di »ed oth.inol price N.A.not i Jâi, -•!• I 
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TAHLI  -Vili 

PROCI. Sì. ICONOMK'.AI   IVALUATIOIX 

fST IM ATEO INVf-STIMCNT 

PHOfHiCT       Aci't;i)<1i.'liytU- 
PHOCLÜS Kth'Uitil h-hydi»«^iicil ioti 

CAPACI rr     45, uno HT Y 
LOCATION Bra;il I 
OATí li'»  iriiii.   19;') 

I    T    t     M" 
BATTtMT  LIMITS  CAPITAL CÒSTTI'MHT 

OfMUÎtS CAPITAI   COST   (OSMI ) 
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VALU  I.   Iir-Tf 
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,      A'i'I l_c   Arn:         
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l 
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.1 m 

0.0(. 
O.ftft 
Ú. ".() 

0,0ürj 

55.24 

1.14 

N.A. 
N.A. 

140.00 
0.60 
0 .;;o 

70.00 
O.OH 

10 3.80 

0.45 
7. 80 

8.40 
0.53 

1.75 
4.42 

ANNtlAI   cost 
It'SS) 

.4 

ÍIXED MANlIIACltHilNGCOSlS 

I -lAHOUl» 

t-MAINHNANCC 

* -M PHKIATJON 

4-INSUBt AMOTAXCS 

»-PLAUT OVHiHtAO 

TOTAL nun ror.Ts 

>JAl   MANDI Al.TlHIINli   COSTS 

K.J. 0(1    (M 
Vf.h.On   (*» 

(.00.00   t* 

0,0 4'J 
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0 . Í) I H 

EVALUATION HAOI'J 

(7.34) 
.(20.81) 
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? % of   mm. 

?0O%   or   LABOUR 

.~/.4¿—Là .  ,—..... /.„J.. 

•7T" 
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8,741,000 

20,200 
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23,BiO 
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14.20 

5.13 
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3.42 

30.00 
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639,000 

231,000 
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(*•>   lirrvjli.,,,  majk.-t       ,***) non-nul .«Idi «od uth.-iiiot   price 
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TAMII   - IX 

PROCI SS K'ONOMlCAl   TVAI UATION 

ESTIMATED IMVISriMTNT 

•MKWVICT 

PNOCtSO 

i APACITY 

LOCAI ION 
ÜAU 

Acrtnldfhydo 

VtoKkiM ,   2 Ht ¿IJ.»1 
45,noil  tfi'Y 
Br riz .1 1 

1       Dim.   li)V.i 

 L_i_L   M   
MTTt M Y   IÏMII5  CAPITAI  COSfU»7»l) 

OttSITtS r.AI'IIAI. COST   K'SMI I 

JOjÄTj IM"'"'J APITÂT"~^~_ 

_WOIfKlNf__t APITAi " 
TO TAI   "iNVI STMTÑT 

ITA L u r I».II 
_...JO|'.0(',(IP{) 
 i 4,yi")^!no 

 2_INIJO_,OIIO 
i 7, 'liti'.,ììrTii " 

QiTIMAIH) MANUIACTlrfílNG  (íüIü,   ANO TliANSI I H l'[ílt;K 

MANU! AC I UKIN6  COSI R 

-FfA\A"   MAUMlAir 

Klliyhiv 
liti     (LllOV) 

?    CATAIYSI!; ANO CHTMCALS 

r.it.ilyst 

?  -U'U.ITIIS 

Caolliuj K.itft 
Protei;!; W.iLct. 
fìTt'iim 

L'Juc:t.i I ci ty 
'mit   »¡ori 

"• OIHtNfi 

6 tîYPMODDcre cmniT 

TôTTf VAl?TÂnTTT7)Tts "" 

FIXED MANI Ir ACTl WING COSTS 

UNIT 

t 

liln 

'INi r f.os' 
íu:•," /ufiíii 

ï'M.oo   (*) 
o.n«4 

12. on 

UNII CuN- ; 
fl'Nt!  /  I 

¡'MliiN 
l"-.'d I 

I     l')3 

»I Ü.06 
m' O.HÜ 
i •J . '.»0 

Hwt| 0.02. 
NHI C.(Mf) 

O.fiH 
.'1.00 

O.'j} 

1/2.40 
0.2G3J 
(I. >1 ?4 

<>]<». 10 
V. 7«. 1 

)3' (».»UNII 
SSi/t;.:. |nrr11 

?.l> '».24 
J.OJ 

C.12 

0.2J 
f.. 02 

12.9n 
ti. 11 

ANN'1.1 !   CM 
dr.:. i 

12,02'., HUH 
Hi. ,»)'.<i 

r/O.'IÖ'l 

I    lAbOUR 

r - MAINTÍNANCI 

S -DtWtetATKlN 

4-IN5U« ANDTAKCf. 

.  »-PLANT OVimtLAO 

•;•p-^'rrtyl1^rr:r'^'r»rn I-T-T 

FVAIlWlf'N  HAGIS 

TOTAl   flKCO  COST!» 

OPCRATION, MAINI tNANCf. ANP PNl'CtS'. PfWVlNNH 

A%   Of   IS.IU 

io % c» i soi 4 s% or raui 

e % oi   ism 

»00%   Of    I AOOI'R 

3H4. 17 
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HI , .V,|j 

22'. ,'IOP 

'.04 im 
J3 <) '.n 

, 1 1,f,H7,f'.0 

¿..M il MéU.j 

OTAL  MANtK Al TUHINO   COSTS 
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f.«/ßf.m,i„„    ,,   „y,   .i ».nil..,,,,... T„^H„II,,,,,.-..,^ 

T'^'T""* """""" "-r*':'77'• "•'T •'"•«•i.yiT — -»^m^ninfi» 

*^ ^   '^ÜH AT~iÑVt":lTMfÏÏf 

(*)  llr.wij li.in  »Mtkfi  pi'Uo ol  I'niKJcliomlcal    tithyUi 

14.20 

7.00 

28.00 

«.«7 

29.00 

«2.(17 

639,0<"> 

Ji&.OOO 

1,200.01 0 

210,lr0 

J,305,000 

3, 729,1'^0 

.-i»'-jJLl J2JA]±JMSí. 

'•>i.r/ 

JM IL 

',374,901 

-?ii7?U7<io_ 

I 
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TABLE - X 

PROCESS ECONOMICAL  EVALUATION 
PHOOUCT 

PROCESS 

CAPACITY 
LOCATION 
OATF 

ESTIMATED iNVESTIMCNT 

telle Acld_. 
Air Oxidation 

60,000  KT Y 
Brazil . 
1st trim.  1979 

ITEM VALUE   tuts) 
SATTF.HY  UMITS CAPITAL COST MSEtL) 

OKFSlTES CAPITAL COST   (OSfil ) 
 3.,QÛÛ,ÛÛ.Û    

3,f,0O,000 
TOTAL FIXCO CAPITAL 1? ,600,000 

WORKING CAPITAL r. ,f.finfnûo 
TOTAL   INVESTMENT Hi.700.ooo  • 

ESTIMATED MANUFACTURING  COSTS  AND TRANSFFR PRICE 

MANUFACTURING  COSTS UNIT U\'IT corr 
(USS /UMTI 

UKir CONSUMPTION 
(U'-.'l / tor.   prid! 

COST PfR UNIT 
(USS/tjn piedi 

ANNOAI COST 
 UJSSÍ 

I-RAW   MATCRIAIS 

Acetaldoliycie 

2-CATALYSTS ANO CHEMICALS 

Mn Acótate 

5-UTILITIES 

_.. Cooling ..Water.- 
Processi Water 
Steam 

Electric! t.y. ... _.. 
Instrument Air 

4-01HlHS_ 

5-BYPRODUCTS   CREDIT 

k9 

-7> 
t 

_kwh 

... J0D,n:Ki(*} 

4.40 

C0C 
0.88 
5. 00 

0.02Ü 
0.04 

0.78. 

0.20 

280.00 
fi.00 
3.60 

29 3.00 
2.r>0 

.386. 10.. 

0.68 

A6,8_ 
7.04 

is. ao 
7.3 3 
0.1Ö 

TOTAL  VAR'lAHLE COSTS V) ".'""»  ,') rrrrrm  : ' ,r~f? T~'fTT">'~r ~y fryv / < if i ); ft ' r —' 
Ui, 

FIXED MANUFACTURING COSTS 
v4¿í-4¿ 

EVALUATION  BASIS 
.'.'»•' I'I'I Ulii. 

23J0(),00Q 

52,BOO 

1,008,000 
422,400 

1*188,000 
439,800 

6,000 

MU. 

I -LABOUR 

Ï -MAINTENANCE^ 

S -OCPRfDATION 

4-lNSU*e ANOTAXIS 

• -fÍAÍ»T OVERHEAD' 

OPERATIC!*, Mí ¡NUNANCr. AND PROCESS PERSONNEL 

'5%"OF   ISBL 

10'%   OF  I SOL • S% OF 05bL 

2% ÖV'iSbL "'  

too % OF LABOUR" "~  

11.52 

.-..4..SO._ 

- ia~oo  

___3...00  

..24.QQ " 

691,200 

.  .270JJÛ0. 

i,"o8o,]boq. 

_   180,000 

i 1.4 40,00 0. 

TOTAL   FIXF.D   COSTS 
Utli        I   .4^. —_W—.A—. .jL^J...  , ,t„„i/. ~~^-~.U-, 61.02 3,661,200 

TOTAL   MANUFACTUPIN8   COSTS Trrrr- '—"•77- ¿99.07 29.9.14.200 

"TTTIT 4,549,«bÓ RETURN  ON  IN« STIMMT  BEFORE  TAX 25%   OF   TOTAL   INVESTVLNT 

TRANSFER  PRICE sn-ia, ^.¿qá.noo 

(•)   Transfer Price of »eetald«hyöe from non- subsidised ethanol 
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TABLt  - XI 

PROCtSS ECONOMICAL EVALUATION 

FSTIMATCD INVESTMENT 

mooucT 
PROCESS 
CAPACI TT 
LOCATION 
DATE 

Aortic Acid 
Air uxltl.it inn 

60,000  MTY 
'»»0*11 
Is    trim.   137V 

I    t    E   M  
IIATTIHY  IIMITS CAPITAI COST (ISM I 
jyjStjtS CAPITAI   COST    (OABt I  
"rouCñuro CAPIIAL 

WiVJKJNll  TAPI TAI 

TOTAL   INVI if Ml NT 

V   Á   I.   U  F   Iui«l 
_. 9.-0Q.0,000... 

3.,rion,noo 
1 2,0 011,1)00 

Jjt2B.5LiOO.o_ 
16,600,000 

ESTIMATED MANUFACTURING COOTS  AND TRANSITU  »»MICE 

MANL'fACTURING COOTS 

I-HA*   MAI t NIAIS 

Arel .il ilohydr 

Í-PATAIYSTS  ANO CHLMCALS 

Mn Aiv.iatu 

S - tJTIL'TlfS 

fixiltmj  Watt-t 
I'lmi'iiii   W.ilr'i 

8ti .irr. 
l:1r<t i I city 
1 n•• • 11 mnnnt   Al r 

4 -01 Ml MR 

6   BVPkOuuCITi   CWÍMT 

Ï i> i ApvAiîlAIÏÏTro.T.; 

FIXL0 MANUFACTURING COSTS 

I -1 ABOUH 

Í-MAIMUNANCC 

»-0LP0CCIATION 

4-IKWim ANO TAKES 

B-PLANT OVf»NCAD 

loTAi   rutto COM s 

TJTAI   M A NU F At TUNING   CO», TS 

MTUHN ()•* INVtSTMINT OLI OHE TAX 

THANsrtH  fUlCy 

UNIT 

*9 

ir1 

t 
kwli 
Nini 

UNIT COST 
(ijsr. /UNIT) 

:MH,OO   (*) 

4.40 

,0«, 
88 

,50 
,025 
,04 

UNII   CONSUMPTION 
(»MIT / ton   prod) 

0,78 

0.20 

2B0.00 
8.00 

3.60 
211.00 

2.50 

EVALUATION HAWS 

OPrWATION . MAINUNANCC AND PNOCfSS PI fîSONNFI 

SX  OF   ISBL 

IO %   Of  I SOL 4- 5% Of OSBI. - 

2%  Of   ISBL 

fOO%   OF' LABOUR "~ """ 

— "y•>*•»>'in i;    ,        imiiiiii ii     i i, r.«,n.i,.,.•..»»,.« 
—ii ¿.mi. ál.—»4__ .......__i. •-,    ..    -V      .,••„ á .JÌ ...  ...    -,- -,  —i lu M   n 

-7   •;i>i;i'7y 1 -. T..II . v,ip,i,ir^**^w^ 

?!>%   Of TOTAL   INVISTMCNT 

<*>   Tr.instor l-ilcc of  AcuLaltkhydu from nubs 1 ill «otl utlianoT 

CObl tin UNIT 
luss/itm piod) 

?7l.4<! 

0.8H 

16.8 
7.04 

19.80 
7.13 
0.10 

AM-JUAl   rosi 

2.'.»_. w 

•''/w/M//-//.-ß- 

11.52 

..   4 50 

ri 00 

3 00 

24 00 

__l_ítf_ 

J»,''7 

lt>,.'H(i,400 

52,000 

] ,OOP,000 
422, 100 

1,1U!3,000 
4 l'I,«Od 

0,000 

 in. <te\. 400 

691,200 

270,000 

1,OHO,000 

1 HO,000 

1,440,000 

nynijV* i 



TABU - XII 

PROCESf. I CONOMICAL ! VAI KATION 
PRODUCT 

PROCESS 

CAPACITY 
LOCATION 
OATr 

ESTIMATED INVF.STIMr.NT 

Ar«tic Act il 

Aii   Oxld.il ton 
60,000  MTV 
Brazil    - 
\fii   trJm.   l'>79 

I    T    I.'  M" 
HATTCRV   UMITS  CAPITAL COSI (ISOLI 

OfFSITtB CAPITAI   COST   (OSMI I  

.TOJAI. rixr n C'ATMAL ~J^ ~ 

WOWKINO CAPITAI 

TOTAL   INVISTMINI 

VALU [   lui 

.9., ooo,n no 
J,(.00,POO 

 u«,i»fla..i).'ja...- 
J.j.VOO.ii'.llO   _ 

1 7, 311(1 ,0(ili 

ESTIMAI ED MANUI ACTIIRING COSTS   ANO TRANSITU  l'IÎICC 

MAW ITACI URINO COSTS 

\~»im MAH NIAIS 
A«.vtiilili.liydr 

t - CA1AUTRT* ANI) CHI MIC Ai S 
Mn Acot.ntr' 

> -tm.mtS 
Cooling Wut..) 

Prwr-i.'H» Water 
M com 
rice« il cl l y 

ImitrumoiU A)-r 

4)-QTHt*S 

• -BTIUOOUCTS   COHill 

"IÒTA!   VARÜfin   ~6Î,W 

FIXED MANUEAC TURING COSTü 

I -lAOOUR 

I- MAINTENANCE 

9 -M WWCIATION 

4-INSlWt ANOTARES 

B-PtANT OWIUHTAD 

UNII 

M 

n 
t 

kwh 
Nni3 

>***i liai, '••uih*— V**•   -t '•   •   'é i I II In fi 

UNIT CO01 
(USf. /UNITI 

4H4.nn (*) 

4.40 

O.OC 
o.e» 

Ï.^.O 
0.0? *. 
o.o4o 

UNIT   CONSUMI MON 
HW1    /    toil      |lli'l  | 

0.7 H 

0.Ì0 

2a0.no 

B.00 
1. f.l. 

z«>3.no 
7.. l>0 

EVALUATION  I1ASI 

TOTAL  HXIf)  'OSTS 

TOTAI   MANUFA( TllHINO   COSTS 

"IttOHN ON INW5TMIN1  Hfl Ol«   TAX ' 

TKANtrtli MM* 

OWBATION.M/'INUNANCf. ANI.) POO/f «'• Pf «SONNE! 

5% or tr.m. 

10 %   Of   ISIlt   4- ñ% Of ORBI 

¡e % or  ir.OL 

700%   Of   LAOOUH 

LI   ,<n"y "   '»"i^r-—'-•'!   »«.IIHHiill       nil   .i n   ,i,i   rin    imi, i, 
«U< &.l*Ljr'~t.~j. .t.^.y.V'i,..       in/.//  „   „  „,.  ..««, 

77 
••••ijpw"'" '^•»^*»- 

. ...i.,1^ 
?b%   or   TOTAI    INVESTMENT 

<*)   Tr«nnfi.r  Prlcu of  AccLaldehytlc  front Petrocln mlcal    Jitliy]r>T 

t(»i ttmiwi 
(»••i/l'i'i I'fwU 

<if\.N|l/.|- CO';.T 

WI.'Vl 

0.88 

16. BO 
7.04 

J •). O'J 

7.13 
0.10 

77 ""TF~t}"f?/ty7"T1p''i?t*" " 

¿MJiUi-^ l^-+^J^J 

) ] . '.? 

4.ri0 

IB.00 

.1.00 

?4.00 

--6Ì.0Z- 

-l'ULUiL 

"YT-W 

J»6ü^üL 

-V,! '. I ,200 

S2.800 

1,008,000 

4;i?,400 
1,lM«,UDU 

4 19,1100 
I. ,000 

ÜÍU-. ..   ^ 

G «il ,200 

2 70,000 

1,0 HOj000 

180,000 

1,4 40,000 

íLLAÍAU- 

_?'i,.4?'U.4J10. 

jLJMilSIL 

, i)./.'. 1,^0(1 
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TABLE   - XIII 

PROCESS ECONOMICAL [.VALUATION 

Eòi iMAlEÜ HivtJTiMt.Nl 

rwoDucT 
PROCESS 

CAPACITY 
LOCATION 
DATE 

_2_-etliy).hextinol 

Prom ftlianol   . 
20,000   MTV 
.Brazil 
Jr,t  trim.   19 79 

I   T    r:   M 
BATTERY  ÜMITS  CAPITAL COST 11« B! f 

OFFSITE S CAPITAI COST   (OJhi ) 

V  A l. Ü t   IU*M 

TOTAL FIXLO CAPITAL 
i  '   "4,v>03,<)0û 

WORKING CAPITA!. 

TOTAl    INVCSTMENT 

~2iUQC.i_n.fi_ 
 4_,no..',ooo 
j "   ¿";i, o'îiû 7ÎÎW 

ESTIMATED MANUFACTURING COSTS  ANO   TRANSFER PRICE. 

MANUFACTURING  COSTS UNIT j           UNIT Wr         [      u\a   CO^UMPl'lÔÏ,'     J      COST PtKllMiT     I        ANNUAL  C<J'~T 
I (t'SS Alfs'l) / U.'ill   '  lor,    nindl inu/>.„, .„ji I  

I-RAW   MATCHlAIS 

Ethanol   (J.00») 
Hydrogen   (pure) 

t-CATALYSTS AND CMIMCALS 

Catalyct     ..  .  

"TILITItS 

Cooling Water 

Pronest Water 
Steam 
ElocLrUJty 

Nitrogen 

4 -OTMí'HS 

¡.-BYPRODUCT* CMtorr 

n-L>utar.o) 
Acetic Arid 
Lthyl   Acetate 

I" 

ka 

«3 

t 
kvm 

. Nm ' 

293.oc  (**) 
7OÛ.00 

s. no 

í u:<n ' lofi   pi od.; 

0.06 

0.86 
5.50 
0.021. 

0.076 

2,4.r> 
0 . 09 

2.00 

1.15. CO 

0.70 
28. DO 

.000.00 

390.00 

lur.s/ioii p-^) 

TOTAL   VAIÍÍAW t"  COSTS 

I'IXED MANUFACTURING COSTS 

I -LAiOUR 

S? -MAINTE NANCC 

0tPi»CClATI0;j 

4 -WRI« ANO TAXE« 

5 -4"L ANT OVE ffHEA~D° 

t      l,OC7.0û(') 0.044 
t 6 9 0. vU{ ', 0.10 

 t                   766.00 1*)                    0.0 33 ,..,....,, 
Vm',    ,>

l,"")l|ll,)ll|"iiilJM;iiii>rr^yrTfyi>|.,,.|yr-),i,l   ,,,,,      • i.i       ,       • — 

717.8«) 

63.0ü. 

10.00 

6.90 

.0.62 
154.00 

r.0.00 

29.64 

i«.ïl) 
(69.00) 
(lu.28) 

UISS) 

14,i57,Ò0.. 

.1,260,000 

_    .200,00e 

-136,000 
 12,.4 00 
3,080,000 
1,000,000 

59;.', 800 

EVALUATION  BASIS .'/.' 
.;/'/• 

TOTAL   FIXÍ.D   COSTS 

OPERATION . MAINI f-NANCC ANO PRfATSS  f'tRSONNCL 

i% or issi  

10%  OK   (SOI   • •>% Of OSBL 

* % OF   I5BL  

100%   OF   LABOUR """ 

Z TjT"/""' '" '*"• "" '"" ""i" w»i •—ii 
-/.i,„„i. 

)• if\ i.«wy),i'ji il» 

TOTAL MANUFACTURING   COSTS 4 
RETURN ON INVC&TMf.NT ÈfrORF  TAX [»V»   OF   TOTAL    INVESTMENT 

<2.62 

2 3.25 

88.75 

.l.i»...50_ 

.(K.oo 

{930,200) 
U,380>" 

rr:j,ooc) 
17,624,400 

254-12 

.'     1145-34 

_3J)0_i00_ 

TRANSFER  PRICE 

(*)  Br»«llian Markot Prie« 
3 U45.34 

l**)Hún«ubfidijied Ethanol Price 

852,400 

~"   465   Ö00 

,."l/7f5".Ö0ü" 

 310,000 

...l#6.80r0OO 

S,002,400 

22,906,800 

6,000,00o' 

-——.-j 

28,90», V?0 

i 
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TARLE-   XIV 

PROUTJS ECONOMICAL ÉVALUATION 

i 

IM. 

J-othylliPXiinnl 
Prom cl h,mol 

ESTIMATED INVFSTIMFNT 

PRODUCT 
PHOCISS 

CAPACITY      20,000     MTV 
LOCATION      Brusi 1 
DAtr !8t trllHi  1979 

I     I     I     M 
BATTUfY  liMllîf CAI'MAÎ~CO!iï Îïsitf.]" 

OFj_ÍIH !. t'Al'llAI   COM    (Ulti) 

jimuiMf I'WHM.   

_WO»KIN(.  (/. IIW\|    ""  ~*~ 

TOIAI     «NVIMMINÏ 

vTI u t luMi 
    lii,l.u0,00Q 

".(i Onorio 
^ü,0U0 ,000 

 MiüU.,MíL 

fSriMATFO MANU! Ai TUNING   CO'TS   AND  TfVANSf f fï l-WCC 

MANUFAC I UKING  COSTS 

I - nw MATI KIAIN 

MUuinol   ( 100',) 
Myitrti'ji'ii  {i'iin'1 

?~CATAIYS1S   AMO CM.MCAIS 

Cita lys I 

3 - UTIUTICS 

t'oojiny  Mate) 
riocosii w.iti'i 

{¡team 
IMr.'ll'ti'l I y 

NI U ci'K n 

' 4 - OIHlliS 

U-BYIKolHiri-,   (.K'fl'IT 

II- hilt .MIO I 

Act-Hi;  Aft il 

 »;!.l).¥j_ A«'.'l at.   
folÂj~"~VAI. I Al II Í~H).,Í'T 

flXtD MANUÍACIUHINli COM S 

I     LA»0UH 

? -MAINTtNAWi 

5- OUfKCIATION 

4-INSUIK AMI IAXIS 

!• -«.ANT OVC HMt Al) 

TOTAL   I I HI n  r.osTS 

1(11 Al   MANDI Ar Illl'INT,   COSI'' 

llllllKN ON INVCTMlNI   Otrolirìrtx" 

THANSI 11« fwici: 

-*' ('}    Uray.tll.iB  W,JH 

linn 

k«l 

I 
kwh 
Nu. •* 

II'JIT (U'-.t 
iu;;r. /iiMTi 

170.00   (**) 
700.00 

.00 

0 Of. 
0 Hfl 

5 SO 
0 0?'.' 
0 07( 

1,0'.7.00    («) 

li'JO.OO    (') 
7f.fi.no    (M 

IINiT  fONMlMMIION 
(UNIT /  It",   |.r.irl I 

2.4', 
O.'IO 

2.00 

115.00 
0.70 

2«.00 
2i0nn.on 

.T9ii.no 

COM ffRtlNII 
Ol ..S,Mun prod) 

4 11. 
(.3 

50 
00 

10.00 

6 
0. 

154. 
r»o. 
29. 

90 
f.2 

00 
00 
r,4 

0.044 

0. 10 
0 . O 3 i 

EVAIUACION   HAStS 

Ori.HATION.MAlNTI.NAHa  ANU l,l'ür.tSS ITMäl.iNNll 

5%   or   IMII 

io % of i soi + s% o» or.Hi 

? *>  Of    ISHl 

íOO'K. or LABOUR 

-*yV} —-.-7~"   •»»••••• •   i      I(II/I.WII M„,..I, ,,„, 

¡>5%    (11     lOrATHNvf'-VMINf 

«* T"l   SubnMU-VI oHi.inol tirli— 

(4G.il) 
(Cí.OO) 

r^uwr 
•\— 

'..•/.-v:,^: 

12.02 

23.25 

.88.75 

15.50 

84. 00 

ANNUA I   r<)f.T 

IU-15J 

B,330,000 
J ,200,000 

200,000 

138,000 
]2,400 

3,080,000 
1,000,000     ¡ 

592,"00     I 

(930,200) 

(1,3«ü,000) 
 Lr>0'»j_í."0) 

2'.'I.12 

«41. 99 

Oa^JLQ. 

1 .13B.99 

«52,400 

4(i5,000 

1,775,000 

310,000 

i ,r>ao,ooo 

5,oB2,4o. 

16, H79,B00 

UMIÌ.J&SL  i 
22,779,8110      | 



TAHI r -  XV 

PIWKXSS KONOMICAL   I.VAIUA1ION 
PRODUCT Hut lid i o IK' 

PROCtSS From till.mo I 
CAMCITV 30,000   MTV 
IOCATION lira*: H 
OAtf ]f.«   LtilH.   liivy 

(STIMAI I H INVESTIMI NT 

  J    1_   ].    M  
MAifnÎY "ûMIVî c/.ì'i MI CòSTI 15*111 F 

oM'iirts CAIVIAI r.n'.j   io<w ) 
T'IM jlKpP CAt'Ud       
WiMJKINi;_CAi"l I '.1 ^    

1C»ÍAI    INVI *- Mil Ivi 

 y ALJL Li""- 
20,000,000 
 OiSO(¿,(KWI_  

 ¿t^oou,UDO  
_4J£to(!jPnn   
iO.OOli, 0011 

rsiiMAiii) MANiH AnuiíiNo cor.rs ANP TIIANRITIC i*Kir:i 

MANI »Ai flIHINO Cl.»M! UNIT 

I   «IAA   MMIII.M*. 

fctlini'.l   (lüU'M 

t- CA1/IVS1:. AND CHTHfif.»| !• 

Culnlyi;!. 

»-UTKI1IL5 

Co»0 Imj Wilier 

Fl «'.JIM 
Ir. UH l ru:it.y 
NI Inxjiii 

« -01 IIIkí. 

• •-HYIUOUUOS   CHI (KT 

rUliyl      Killer 
Hytl!«M|ih   (lOOi) 

TT) 1 Ai" vñuíAiif í'Tit"•' ¡I • 

FIXI.O MANUfACHININC COSTS 

I -LAIIOUH 

I -MAINUNANCi 

» -«WIÏCIATION 

4-MMUWf ANÓTAME« 

• -fiANI PVI.RHf AD 

TOI Al.   riJCf.O  COMS 

MI 

tu' 

l 
KWII 
Ni«1 

UNII  l/.'M 
III". /UNITI 

2'l 3.0(1 (***) 

.00 

0. 0Í. 

•j. ''<> 

0.0/1. 

•••/••..no  (*) 
ICi.OO    (**) 

UNII   l'OfJ'.iIMl'HuW 
I UMt  /  I 111    pr.'.l 1 

7.47 

,00 

r.oo.no 
5.00 

'JGI>. ini 
'.0.00 

O.J37 
0.021" 

KVALUATION liAMÜ 

10TAI   M A NUI AC TURIN (•   COVI!. 

HTIfttN ON INVI M MI NT «mi«   1AX 

T«ANr.rti» MHitr 

01 "I W«tTIHN , MAINII f.'AMf I   ANO PI.'OCI.Vi ft I'SONNKL 

S%   «    IMIL 

10 % 01 ism +• r. % 01 osili 

il % O»    ISHl 

?nn% or LAficiuft 

-.-.„„-„m. ,,   M|)iiyi 11 
"W 

:.¿i_¿. 

.'".7,   or "TOTAL  iNvrsiiSrinT 

COSI I1HUNII 
luv.; M "i li-vii 

721.71 

2D.00 

30.00 
27.!>0 
¿¿.'•O 

J. BO 

(4.24) 

1 ' i****-^^^*^• Y^T9^^^^ 

ANNI.1AI   I I'M 

lll'S) 

21,71 1 , " 

7W>,U0!. 

M00,(IP'l 
fl2'.,,»' 
b /'j .linn 
114,000 

(4,00/,4(Ki 
(127,2C 

-í-tíJ.4*/^»-*.*,   ^M^"*>*4'. 

42.1.2 

20.00 

76.67 

13.33 

«4.00 

.¡nfc.tx. 

933.31 

 1M.JCJ ItMfcno». 

t Jill« 

(•)  liroKJllan MarKoi     <**>   "Mol  volue    (* * * i Ncm^ubol .11 zoú n'ih «mo 1  pi ' o 

1,27«, C 

son,ont 

a,300,let 

999,901 

2,'&20,nor 

J^Clft^L" 

„1*L»23SUJ0< 

 juut ¿san. 

I 
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TABLE-   XVI 

PROCESS F.CONOMICAL EVALUATION 
PffOOUCT 

PROCESS 

CAPACITY 
LOCATION 
OATF. 

From Ktiianol 

30,000  Mi'V 
Brazil 
yJt  trim.   ]97'> 

ESTIMATED If   'ESTIMENT 

ITEM VALUE   lutai 
OATTtRt   UMITS  CAPITAL C05T (¡SUL) 

ÔrFSITL'S CAPITAL COST   I0S8L I 
-.___2ûuûoa*.ooo  

0,000,000 

TOTAL FIXED CANTAL                                                                          26,000,000 

WORKING CAPITAL 3.200fOQù 
TOTAL    INVESTMENT 21,200,000 

ESTIMATED MANUFACTURING  COSTS  ANP TRANSFER PRICE 

MANUFACTURING COSTS 

I-FA'.V  MATLRlAlS 

fthunol    (100S.) 

t-CATAi.rSTS  AND CHCVICAIS 

Culalyst.. 

» -UTlLil ÍES 
"naling Water 

¡iti.'tim 
EliVtricity 

«-ÙTHÎSS 

¿-DVPKrX.'LiCT»   CREDIT 

i:Ui,l   Etiler 
Hydrogen   (lOO'é) 

TOTAL   vA'flÜAB; I  COSTS 

UNIT 

*•$ 

t 
"kwh 

NIP'* 

' IM'V-' T** ,^T>""r; 

UNIT CC.T 
(USS  /UWT) 

170.00(*«*) 

>.00 

0.0F. 
5.50 

0.0 25 
O.OVfc 

1G3.Q0.1*.*). 

UNIT CONSUME now 
f tlM!T / ton   prr.d I 

2.47 

i.00 

500.00 
5.00 

900,00 
SO. 00 

0.137._.. 
0.O26 

COST PER UNIT 
(USS/Ion t>r«l) 

419.90 

25.00 

30.00 
27.50 

22.50 
3.80 

(133.58) 
_ J4-24). 

iffi. , F>,"»V 

ANNUAL COÎ' 
(US?) 

1.2.4 597,00-, 

. 750,'"' 

900,000 

625,000 
675,000 
114,000 

(4.007,400) 
(127,200) 

4^4<WL0<L. 
FIXLD MANUFACTURING  COSTS EVALUATION  hASIS '::'.••"/.,.<; 

/•/,// 'fai /£••,&/*•• 

I -LABOUR 

¿-MAINTENANCE" 

3-DEFi'fCIATION 

4-INSUIOE ANO TAXIS 

»"-KANT OVERHEAD 

OPERATION. MAINTENANCE ANDPHOCESS PERSONNEL 

s% or TSBL 

10%   OF  I SRI   + C% OF OSBL 

2 % OF   ISBL      ' 

ÜÖO'%   OF'LABOUR   

42.62 

20.00 

76.61 

i 3 ! 3 3 

84.00 

1,278,000 

600,000 

...2,300,10'" 

399,900 

"2,520,000 

-TI)     J,    I'HJ       i| i «i     f»i.'IHH,i   i,HI,WpmilWH» 

»¿•»-•'i    ,,/nt ,   ..    i     ...        .¿Mi/..!   ii   )niiin¿fc  IIIMIIIí i    Hé 
TOTAL   FUCO   COSTS 236ifi2 7.Q9B.6P0 

TOTAL MANUFACTURING   COSTS 
•».-•»*»•• T "i*r*.mw*"pyv*' ÌÌ7.50 Inas, non. 

RETURN ON INVESTMENT   UL'FORt.   TAX fi*,   OF   TOTAL   INVf...TVENT 243,13 7,300,000 

TRANSFER   PRICE 170. H MA21MSL 
(*)  Brazilian market prico     (**)   Fuel  Prlet.'     (**«(Non-subBid1 led ethanol prico 
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charged)   in the country  for the petrochemical originated 
product. 

Such dùta indicate that, at the level of 
capacity taken into consideration,   ethanol-chemical 
processes to manufacture acetaldehyde and acetic acid 
— widely used in the country  — are competitive as  com- 
pared to alternative petrochemical  routes, even if con- 
sidering ethanol at current market prices. 

On the other hand,   the  saving with the 
production of octhanol  fron ot.hyl alcohol  is highly de- 
pendent on the cost of raw material  and,   therefore,   the 
use of a subsidised price  for  the alcohol  seems  to be 
essential  to  ensure competitiveness  of such process. 

As regards  ethylene,   the subsidy  taken  as 
reference in the economic evaluation seems insufficient 
to render the price in the process  from alcohol  equi- 
valent to that of the petrochemical product.    By reviewin 
the text of the National Alcohol Plan it appears to be 
possible  to apply for a  larger  subsidy, which,   to reach 
the intended  equivalence,   would,  in  this  instance, be 
on  the basis oí  25*. of pre.on_ petrochemical ethylene 
prices. 

Where butadiene is concerned,  resul.tr; ob- 
tained indicate tnat its production by ethanol-chemical 
route is far from being competitive as compared  to the 
processes to obtain this basic   product in naphtha pyro- 
lyeis complexes. 

~-*6 



6<  CONCLUSIONS 

Petroleum supply difficulties bring back 

the otha.iol-choin.lcal  industry as a sound technological 

oltcrn.-it.ivr to obtain certain products,  nowadays predo- 
minantly petrochemical. 

Brazil's    tendency       toward  the usé of 

that productive ronLu in maybe  unparalleled   in   the world, 

in view of   its  territorial extent and  propitious condition* 

for the cuJturc of  sugar cane,   manioc and other   agricultural 

produci.-,  applicable  in alcoholic   fermentation. 

On  the other  band,   the National Alcohol 

Plan ha.; created favorable condition»  to strengthen  euch 

activity   in  the country,  among:;!,   which   should  be pointed 

out  the assurance of  a regular  suipply of raw material,  at 

a reasonable pri.ee,   and encouragement   to development of 

technology  in the agricultural  and  industrial  sector«. 

Thus,   the experiuiuji:  in in.inufucLuring 

ctlmnol-chemical  dorIvarivu-./irguired  throughout many years 

by  the producing companion,  permito  to consider  its tech- 
nology   ''illy   absorbed    in IM/i]. 

Such  experience   i j; now being utilized,   in 
the  «cope  of componi<>:; and research centorn,   to modernize 

Winufacl.i.r.livJPrece¡;nerj,   with o view  to  jt*: prompt use  in 
larger and more economical   uni tu. 

Moreover,   in view of the present stage of 

the art  - whether agricultural,  or industrial  - of manu- 

facturing  ethyl  alcohol,  it may be anticipated  that,  shortly, 

thio raw material will continue  to bo produced in the country 

at high costa.    Therefore,   the nubnidy  instituted by the 

Government   should continue for some years,   in order to en- 

sure compotitiveno«a of ctlmnol-chemical processes when 

compared to the petrochemical industry procenaes. 

At medium    and long term, as a result of 

Ü 
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PROALCOOI, effort! and the technological development pro- 

frame under way, which lead to higher agricultural pro- 

ductivity indices and more competitive industrial processe«, 

it is expected that ethanol-chemical industry in Brasil 

tflll at last reach its maturity, becoming self-sufficient. 
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