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THE ETHANOL - BASED CHENICAL INDUSTRY IN BRASIL*®
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.

The monogravh presents the Brazilian background in the production
of athanol-based chemicals as well as the future outlook for  tho
BCC O,

Sucl: alcchol based industries flourished in Brazil for a peviod
of time. Nevertheless several of them were shutdown due to the
use of petrochomicnl feedstocks for the productior. of those
chemicals.

Following the encrgy crisis and the associated increase in the
price of crude oil, which have particularly affccted Lhe economics
of the developing countries that depend on oil imports, a new
emphasis has been given in Brazil to the use of ethyl alcohol,
either as motor fucl or as raw material for the chemical industry.
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Bes been reproduced without formal editing,
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In regard to the chemical industry, a great number of old
alcohol~based facilities are being reactivated and new ones are
also boing planned.

A list of all ethanol-based chemical plants in Drazil is presented,
vith their respective capacities, proccss licensors, markets, the
preccnt status and eventually their plans for expansions.

On the other hand, the prospective use of new alcohol-bas~d chemical
routcs in Brazil is discussed.

The majin processes ever used in Brazil for the production of
ctharol-hased chemicals are precented and evaluated from the
ceoncaical point of view, comparing them to the conventiona)

pooachiemical routes,



Brazilian ethanol-chemical experience is
analysed at different historical moments.,

Initially, the author describes the most
linportant facts of the ethanol-chemical industry in Brazil,
from installation of the first industrial units to manufacture
several products in a small scale, through 1973-74 when some
large projects wore already implcmented.

Next there is a more detailed review of
present msituation of the ethanol~chemical industry and its
trends. After analysing tho impact of the petroleum crisis,
which, through the National Alcohol Plan, led to a comeback
and 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 ‘princ ‘pal ethanol-ch mical processes
already utilized by producing companics are described and
ovaluated, from a technical and economical point of view, to

better judge their competitiveness as compared to alternative
petrochemical routes.

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

The ethanol-chemical industrxy, in the sense
attributec to is in this paper, relates to the manufacture of
chemicals using ethanol as raw material.

Markedly distinct phases characterize the
development of this activity in Brazil until 1974, as set
forth below.

l1.1. Pioneer Phase (1920-57)

Commencement of the cthanol-chemical industry
in the country goes hack probably to the first years of
the twenties, when PRODUTOS QUIMICOS ELEKEIROZ, USINA
COLOMBINA and CIA. QUIMICA RHODIA BRASILEIRA, all installed
in the State of Sao Paulo, obtained popularity by manu-
facturing perfume-squirters based on ethyl chloride, from
ethanol.

Basidey etilyl chloride, RHODIA BRASILECIRA
manufactured, in its Santo André unit, acctic acid and
ethyl cther in small quantities, both also obtained from
ethar.l.

In 1929, the sector had a significant upswing
with the installation of CIA. BRASILEIRA RHODIACETA which
in subsequent years began to manufacture cellulose acetate
using acetic acid and acetic anhydride, the latter also
synthesized from ethanol. Later (1965) this company and
RHODIA BRASILEIRA would merge to form RHODIA INDOSTRIAS
QUIMICAS E TEXTEIS (RIQT).

By 1940 the following derivatives of ethanol
were already being produced in Brazil: ethyl chloride,
ethyl ether (at RHODIA and at the War Ministry, in Pi-
quete, State of Sdo Paulo), acetic acid and acetic
anhydride.
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In the early fifties, USINA VICTOR SENCE,
installed at Conceigao de Macabu, in Rio de Janeiro,
started commercial production of butanol and acetone
from residual molasse: fermertation. 1In 1952 the com-
pany inaugurated its plant to produce'acetic acid from
ethanol, as well as a continuous esterification
uwnit for the production of butyl acetate.

Expansion Phase (1958-69)

In late fifties, Brazilian ethanol-chemical
industry was directed toward refinery ethylene productien,

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 ESTIRENO, in 1959, to supply its styrene
plant,.

| In 1962, INDOSTRIAS QUIMICAS ELETRO CLORO
started its ethiylene prodﬁction by means of ethanol
denydration to meet r.juircments 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 -
COPERBO in 1965 started to produce butadiene from ethyl
alcohol, according to a process developed by UNION
CARBIDE in the States during the Second World War.
Processing facilities alsc covered production of the
intermediate acetaldehyde.



..

In 1969 began production of 2-ethylhexanol,
by moans of . entirely cth inol-chemical rrute, by ELEKEIROZ
DO NORDESTE, and butanol, acctice acid and ethyl acetate
were obtained in the same unit ag by-products,

The sixties determincd therefore an out-
standing growth of the Brazilian ethanol-chemical in-
dusitry, which then was already covering a widely
diversified range of products.

1.3. becline Phase (1970-74)

In the carlics seventies, reflecting the
problems which began to be felt at the end of the pre-
ceding decade, difficulties in supplying ethyl alcohol
to the chemical industry worscned. Raw material was
scarce and suffered successive price increases (a 67%
incrcase during period 1967-69), in view of the favor-
able circumstances displayed by molasses and sugar
international markoet.

Therefore, ¢ 'mpetitivity of etharol-chemical
products as compared to imported similar products be-
came cextremely 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 prbjects, to take ad-
vantage of the effects of economics of scale and of
the utilization of processes morc advanced than those
of the ethanol-chemical industry, rendered even more
unfcasible use of the latter to manufacture the same
products.

Buch facts made the operation of some
ethanol-chemical units non-economical and the cthylene
units of CIA. DRASILEIRA DE ESTIRENO (1970) and UNION
CARRIDE (1971) and the butadienc unit of COPERBO (1971)



wore shut down,

ELETRO CT.ORO cthylcne unit even stopped
for thrco months, in 1973, but was started up again
in view of the difficulties -to supply pctrochemical
othylenc, and is in operation until this date.




2.

P

COMEBACK AND_ STRENCIITIENING O 1 “RCHOR

By TIPS

With the suprly c¢risic and continuous in-
cruase in petroleum prices, which affocted specially the
economy of developing countries depending upon imported
raw material, emphacts began again to be given in DBrazil
to using cthyl élcohol, both as a fucl and for the manu-
facture of chemicals.,

In this sense, the Brazilian Covornment,
in November 197%, inctitutoed Lhoe National Alcoliol Plan
(PROALCOOL) , with the nain purpose of rapidly expanding
alcohoul production in the count ry through modernization,
expinsion and implementation of independent distillerices or
anncxed to gsugar wills and it corresponding aqgricultural

projoects.

For the purpece of defining the incentives,
policies, prioritics and exccu. ion plang ¢f the program
and to revicw applications for accertance of projjects,
the National Al ohol Commigsior was crcated, composed of
representantives of sis Stode Deopayrtmonts, and wilh the
operational support of the Jugar avd Aledohol Institute (IAA)
and the Nalional Peteoleaw council (CN)) .

From late 1979 theevgh March 1979, tho
National Alcohol Commission had ~pproved 218 projocts for
distillerics througnoud fhe natlsnal teriritory, 95 of which

werce anncxced  to mills and 123 jadependon: discillerios.

Such facilitics, expected to begin normal
operations until the 1932/83 cvop, roprecent: a total pro-
duction capacity of 4,9 billion liters poer year,

Th. firs: results of PROALCOOL arco alrcady
being felt. And thercfove, as cvidenced in Table I '
national alcohol production increascd from 551,7 million
liters in the 1975/76 crop to 1,47 billion livers in the
1977/78 crop.
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Present. trond, as can be seen from said
Tabl , is toward an inci :ase in percent.age of anhydrous
alcohol with a view to itsg progreassive utilization in
carburant blends ald-d {0 gasol ine,

Taking as o roefcerenco yecar 1977, from
January through bocomber, it wog found that, from 1.38
billion liters of alcohol predveed, 79% were in anhydrous

alcohol and the remainder in industriilalcohol. During

the same ycar, alcohol consuaption for carburant pur-
poses was 741 million liturs, whereas tho portion des~-
tined to chemicals production (excluding cosmetics and
pharmaceutical spocialtics) was of tho order of 100
million litcrs.

The ethanol~chemical industry, therefore,
is shown as a sccondary facto. in vicew of use of alecohol
as a fuecl, to the extend that raw material availabilitics,
as estimated in thce “ational Alcohol Plan, cnsure its
future expongion with no significant raflection on the
volume intend~d for autorotive uses.

wus o ressect of Lo chedcal industry,
the Brazilian Goverumcat decided to subsidise production
from ethyl alcchoi o' such crganiec  derivativas which could
be manufactured alternatively by a petrochemical
route. 1In this sensc, pricc of a cubic meter of ethanol
for such usc is ensured in up to 35%% of price per ton
of petrochemical eLthylene, and the National Petroleum
Council is entrustcd with establishing the quotas to be
destined to the industries, wherecas the Sugar and Aloolol
Institute is in churge of promotine, prioritarily, its

supply.

On the other hand, scarcity, in the inter-
national technolo-y narkret, ol couwpetitive ethanol-
chemical processes,; whore scaic laevels and cconomica-
bility arc eoncernsd, ae cenparca to process2s in modern
chemical industry, have 1ng coupanies and research insti-




tutions in thce country to take up again’ studics for
the development of now processes and to improve thosc
already cxisting.

Amongst such initiatives the works alrcady
carricd out by CLNIRO DIF PESQUISAS DA PETROBRAS - CEN-
PES, should be pointed out. They comprisc particularly
the buusic design of a 60,000 ton/year cthylene unit,
from cthyl alcohol, to be constructed by SALGEMA INDOS-
PRINS QUIMICAS S.A., intcended to supply its dichloro-
ethane plant,

Works in this oarca, originally intended to
scale-up units alrcady existing in the country (capa-
city limited to around 3,000 ton/year (per reoactoer),
culminated in the development of a new process, which

efficiency was alrcady tested in a pilot plant.

COMPANIIA PERNAMBUCANA DI5 BORRACHA SINTETICA
- COPERBO, a company within PETROBRAS Systenm, has Hoeon
performing experiments, likewlse successful, to obtain
othylenc from alcohol at its former butadicne unit,

It should !¢ further poin 2d out that
PETROBRAS QUIMICA S.A. - PLTROQULSA, through its TRECH-
NICAL MANACEMENT ~ GETEC, is presently implementing a
technological development program in the acctic acid
production field. A similar program, involving techno-
logies for acetaldchyde, acctic acid and butanol, is
being carricd out by OXITENO INDOSTRIA E COMERCIO S.A.
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3. ALTERNATIVE RAW MATERIALS FOR ALCO!OL PRODUCTION IN BRAZIL

In addition to a formidable territorial ex~
tont (8,512,000Km2) , of which only a negligible fraction
represents cultivated areas (about 430,000 Kkm2) , Brazil
gathers other favorable ecological conditions for the pro-
duction of cthyl alcohol of vegetal origin, such as a tropical
climate, high insulation and quality of soil appropriate to
the required cul tures.

Within this context, secveral raw materials
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 babassu,

Table 11 gives o summary of main techno-
logical characteristics of such raw materials, from an agri-
cultural and industrial standpoint, with a viow to their utili-
sation for alcohol production. Figures indicated correspond
to avcerage values prescntly prevailing in Brazil. In practice
such values arc subjecct to high fluctuations in accordance
with the varicty cultivated and the region. Therefore, in
certain areas ol the Center-South region of Brazil, sugar
cane productivity has reached values as high as 65-70 t/ha.

Table ITI lists the projects for distilleries
approved by the National Alcohol Commigsion until March 1979,
which sum a total production capacity of the order of 4.9
million cubic mcters of cthanol per year.

3.1. Bugar Canc

Sugar canc, which for centuries has been
produced and industrialized in Brazil, stands out as
the most immcdiate use raw material for alcohol productim,
and shall be liable for the major part of the increase
in supply of such product during the next years, spe-
cially through the so-called " annexcd distillerics",



K1aa13dedsax ‘1wail xad sdozd oa3/euC SUTISPTSUOD uoT3IOonpoad pelIvuTIST

@s0ONTO sY

(INLODO0D)

002 os §‘2 96-¥%8 NsSSvYeEvs

:
:
¥
:

m ($3003)
€€~ |, 5T | 201 5WH

<
4
}
5
4

[ 44

gseze 08

~4

3

b
oo
0
g

[Ta)

»

3 & ]
i

i i
[ _ . .
i SUTF00D | m .
_ ‘
: - : ! + |
»¥0¥69/0L¥E 138 | UOT3EILSIUTSIA m , | UTRID + ATE"S £°Z
i t : .- - ; .
«s0¥0Z/020T ove i i € M | 9l-se . Z-T uyerd z
- ¥ X 4 .
»4006%/0CS3T GL : cg i __ LI=2T ¥ie3is 12
) ¢
: USTIRITISTC _M Vo W1ESE0S
! 0 >3- t5Tho - ¥ | m i W
i . ] : ! ;
i sutpuTis M. ! (x7e3s)
{ H : :
0sge L9 ; ; Ge he L oL-eT INVS ¥¥Da
i ; : i
BU/IDITT | UC/IBITT ) ; TTZETETEBAN) | SURUGK § SLUWIi 1.5 DT
——— S4ZiS DISYS | ”_ = {
aT3IIA IOVIAAY /3 . o | TYITILWD HETE ! STYIEIIYW MYE
. PR S Y Y - P
ALLATIONCESE | o D w0 vy 20
- g o -y e P NI - P TR v Biese vt b
NCIIsAGlEd 7ToBCoTY I I A0 SR A
{ IS NCIZISCILY

E = <FDRISCRIAN - =1




=

iVial

ASSVIVY

JOINV

ERVD 3vons

1 T
: {
Z16°Y 0sz ot 812 £91°2 o18°11 $6 cvL T !
i
——
t
6 1]% T 6 0¢ 1 - m
S€€ 2111 11 SEE 111 11
g8 ‘7 011‘62 902 €Z8°1 0.9°01 {8 “ IS TAS/ m
——— ,_n PR §
aeak/1 ooA Lep/1 mo~ 1eal/1 on: Aep/i mo~ SR 2VA u_,;;.?.
’ BITLAN o T MHE AN - —
AIIDva&D XLIDV3YD SLINYETC
Tviol SITYITIILISIA JINGINEIONT

SAYIATILISTA 2450

STVIEAIVA MNE

6L61 HOMVK TILNA NOISSIKOD TOHODTIV TVXOILVN A¥ GQIAONJILV

STIWATIILSIA TOHOITIV J0 NOILDAMISHNOD ¥04 S1D3ACO0¥Wd

IIX 319Vl




-.‘u—

which use molasses coming from sugar mills,

To lesse” the effects of international
sugar markcet fluctuations on the domestie alcohol
production, the Brazilian Government decided to
encourage the construction of "independent distillerices®,
80 called those which cmploy canc juice directly as
raw material for alcohol production.

From sugar cane, in the preliminary phasc
of thc industrial process, are scparated the juice and
the bagasse. Such two clements are the starting point
to obtain a great number of indusntrial products, as
can be scen from Figure 1.

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

Ecrghum

Sorghum (corghum wulgare), a gramincous
rlant nativc of Africa, was according to
FAO statistics for. 1974, the £ifth cereal in impo: tance
around the globe in reclation to cultivated area, sur-
passcd only by wheat, rice, corn and barley.

The use of saccharincous varicties of sorghum,
whose 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 jutce in the same cquipment used for sugar cane,
which therefore represents an alternative for better
utilization of installed capacities of distillories
bascd on sugar cane use.

Other advantages noted for sorghum aret

i) short cultural cycle, which pexrmits two
Crops per yearg
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3.3.

«1‘)-

i1) suitability of thec culturc to6 limited
hydric resources regqions;

i11) possibility of using the grains, rich in
starch, to produce alcohol, which would
permit full utilization of the plant.

The commercial exploitation of sorghum in
Brazil is still beginning, and the implementation of
this culturc in the country depends on agronomical
studies to determine the cultivation characteristics
and to estublish the ccological regions most suitable
to obtain high productivity indicces.

Manioc

Production in industrial scale of manioc
(Manihot ecaculcnta) alcohol was previously carried out
in Brazil at the Divinopolis Mill, in Minas Gerais,
which operated during ten years (1932-42), producing
a total estimated at 5,300 liters of alcohol. Sundry
factors, tuch as low agricultural yield, competition
with low price petrol um derivates, « problcms with
the industrial processing for starch hydrolysis, have
contributed for the halting of such production.

This activity was recently rcsumed, with
the installation by PETROBRAS of a manioc alcohol dig-
tillery at Curvelo, Minas Gerals, with a nominal capa=-
city of 60,000 liters/day. The process used is bascd
on the enxymatic hydrolysis of the starch and was
entirely devcloped by the NATIONAI TECHNOLOGY INSTITUTE.

As yet, the main problem with manioc uti-
lization in manufacturing alcohol lays in its low
agricultural yicld which however may be explained by
the fact that this ir a characteristically subsistence
culture, which cawes this cuphorbiaceous plant to be
cultivated in a totally empiric manner. With the im-



plementation of alcohol distilleries from manioc, whose
supply is to be hased on an industrial culture, it is
expected t.aat productivity indices above 2Q t,ha will be
attained.

. A manioc alcohol production complex (as
shown in Figure 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 stillage (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 fevtilizer;

i1) as & producer of a fungal biomass used as animal
feed;

114) as a methane gas generating source.

Brazilian production of manioc is the largest
in the world. 1In 1975 it was slightly higher than 26 million
tons, with a cultivated area of 2.0 million hectares.

3.4. Babassu

Babassu is a palm tree native of Brazil, and
under this name several species of genus Orbignya and
Attalea arelknown.

Frutification 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
lite is estimated between 10 and 35 years.

The babassu coconut 1is constituted of three
layers: epicarp (11% of the coconut, as an average),
fibrous. outside layer; mesocarp (23%), starchy-fibrous
intermediate layer; and endocarp (59%), ligneous inside
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layer, where the kernels (7%) are lodged,

Thue mesocarp has an ave.age content of.
65-68% starch (15-16% of tho ccconut), proving to be
an important raw material for cthanol production.

By an integrated processing of the differ-
ent parts of the babassu coconut, a greal variety of
important bhy-products is obtaincd, as shown in Figure
3. It should Le pointcd out, however, that such pro-
cessing has only now hecome feasible, with the appear-
ance of modern equipment Lo crack the coconut in an
industrial scale, woich used to be traditionally done
in an empiric way for the sole purpoce of utilizing
the kerncl:.

Ir Brazil, the agricul tural productivity
of babassu and Lhe palm-tree's occurrence area are
data still largyely debated, and i1t is helieved, how-
ever, according tc surveys made, that 2.5 ton of coco-
nut per hectare and 15.0 nillion hectarcs are, res-
pect.vely, represertative values. Taki.:g into account
that only 3% of this area has a productive coverage,
a productive potential of the order of 12.4 million
tons of coconut per vear are estimated, which could
be convertoed into the fullewing guartities of by-producteg:

.By-Productg

——

Unic/ton Cocontt Total/Year

Alcohol (liters) 80 1.0x 109
Charcoal (tons) 0.19 2.4x 106
Gas - 3,850 Kcal/Kg (ton) 0.11 l.4x106
Pyroligncous Acid (ton) 0.24 3.0 x 106
- Acetic acid (ton) (0.04) (0.5x 106)
- Methanol (ton) (0.006%) (0.8 x 105)
Tar (ton) 0.05% 0.6x 106
Epicarp - 4,26C Kcal,Xg (tor)  0.11 1.4x 106
011 (ton) 0.04 0.5x 109

The above data clearly indicate the cnormous
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potential of babascsu as a source of engrgetic by-pro-
ducts and chemicals.

3.5. Qther Mav Haterials

Within this year a pilot plant for the pro-
duction of ethanol and foundry coke from vegetable
residue (leaves and branches) will be in operation at
Lorena, State of S&o Paulo, employing an acid hydrolysis
process developed by the NATIONAL TECHNOLOGY INSTITUTE.

Annual availabilities of vegetable residue
originating from the lumber industry are estimated at
13 million tons, which, if fully utilized, could pro-
duce approximately 4 billion liters of ethanol and 3
million tons of ocoks.




4. PROSPECTS OF NEW ETIANOL-BASED CHEMICA!, PROJECTS

Figure 4 shows the routes of an ethanol
chemical industry, stressing those already manufactured and
those about to be utilized in BraZzil, with defincd operating
units. The others rcpresent projects which may be feasible,
presently under consideration by different producing companies.

The alrcady decfined projects reprcsent 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 spccific projects are set forth below.

4.1. Production of Ethylene and Derivatives

Brazil has at present, in operation, two
large basic pectrochemical complexcs (PETROQUIMICA
UNIXO S.A., in Sao Paulo, with a 330,00 ton/ycar of
ethylene capacity, and PETROQUIMICA DO NORDESTE §.A. -
CUPENE, in Bahia, witn a 384,000 ton/year cthylenc
capacity), and a third under project to start up in
1981 (PETROQUIMICA DO SUL - COPESUL, in Rio Grande
do Sul, with a 420,000 ton/year ecthylene capacity).

The production of ethylenc by means of
ethanol dehydration, therefore, shall probably take
up, 8till in the future, a fundamentally supple-
mentary character in relation to the manufacture of
same by means a petrochcmical route, and be directed
toward strategic projects, so considered those which:

= require small quantities or raw material;

- attend to small cxpansions of ethylenc con-
suming units, which would not justify expansion
of naphta pyrolysis complexes;

— arc located far from petrochemical producing
complexaes;
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4.2,

== mcet regiona' raw material “upply schedules.

Within thi: picture is included the above
mentioned project of SalcuMA cthylone unit at Maceid,
Alagoas, intended to pro«hch(Iic.‘hloroof.harm locally,
which shall be sont to MVC/PVC processing units in
other parts of Lhe counitvy. This plan shall not only
allow utilization of the chlorine produced there but

also Lhe regiona! avail Milities of cthyl aicohol.

COPEILO on i1« turn, as anticipatcd, hae
been studying e adaptation of ils butadicne upit
to produce cthylene.

On the other boud, the Ethylene Unit of
CIA. BRASTLEIRA DE BSTIT40 has just been modoernizoed
and cxpanded Lo provide the requirements of its Ethyl-
benzeno-Styrene Unit, to supplement petrochomical
cethylene feedstock. '

At Lhe same time, other oprportunilics arc
being investigaled, amcng which th wlilization of
ethyl alcolbol in Campos, Stale of Rio de Janciro, as o

possible  supplosnt to feasible petrochemical projects.

Production of Mectaldehyne and beyivatives

Roectaldehyne and its closcr derivatives
(acetic acid and solvents) were always producoed in
Brazil by mcons of an cielusavely cthanol-chemical route,
and wo can say that the technology for obtaining them
from cthanol hus been cntirely absorbed by the companics
employing same in the countyiy.

COPIRLU has a project for integrated pro-
duction of MVA from cthyl alcohol and in this respect,
in addition to the aforementioned plans for ethylenc
production, it ~hall be promoting the reactivation of
its accluldchyns unit and the installation of an acctic
acid plant, for which thoe possibility of adapting
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exicting domestic kuow-how is being considered.

RIIODIA, on ils turn, has a project to manu-
facture cthy! acctate at its industrial complex, at Pau-
linea, Sio Paule. ecxpanding ils camclty from 9,800 to
25,000 ton/your.

The technology to produce n-butanol and 2-
ethy lhewonol C-em oth sl aicohol may also be considered
fully abzorved. Products obtained by mecans of this
routce are Leing placed competitively in the market,
and LINXETROZ DO LOLDLSTE has a preject to expand five-
fold its installed capacity.

Another alcoheol, the local production of
which is forescen for the next years, is pentacrythritol,
ebtaincd from formddchyde and from acetic aldchyde.
Buch product Lha'' bo produced at thoe industrial sct-up
which CoMPaN:iILA D) TOOUIMTCA DO NORDLSTI: - COPENOR {8 .
implomenting at Camagari, bBahia.

Lyesth opoojont already efined in this
arca i1 s roauctoon ol monc.chlorvaceliec acid at
Can. ..o i, > hia.

HOMCHr T DC BRSTL QUINTUA E FARMACRU™ICA S.A.
bas Deon ut 1iag azctilachyle to produze chloral and
D™ at ite 84m poute fazi ities, and we are informed of
O Vv prodet fon Che mantacture of such derivat.ivéxj
in Maceid, hlagoas,

Prodaction of butadiene from 2thanol
Procara ie til. censide od non-economical in Brazil,
and 1t 1y antdcip ited hat thore will be a growing
supply of this bLasic item as co-product in the manu-
facturc of petyrocienical ethylone,

'

Production_of o' er Ethanol Perivativs

-

The tcechnology to produce cthyl chloride,

o s wrtor w - i O (e A R



Practiccd during may ycors in the counﬁry and for
some time suspended by producing companics, has been
recently takcn over by CTA. BRASTLEIKA DE ESTIRENO,
which drveloped its own process.,

Such procca:, alrcady successfully tested,
has becn utilized in a pilot plant to produce cthyl
chloridce consumed by the company as a catalyst in
ethylbenzene manufacture.,

As regards ethyl cther and glycol cthers,
manufacturing processes are eontrolled by compinics
utilizing came. RHODIA inLends to cxpand and woderni.ze
its cthyl ether plant, while OXITENO DO NORDESTE §.A.

has a projoect for u new glycol ethers production unit.

Tablce IV show: the list of ethanol-chemical
units alrcady installed and under implementation in
Brazil. The list is limited to imumediote ethanol deri-
vatives,despite the fact that from the intermediates
indicated therein other chemicals already produced in

Bra-1] arc ohtained, suh ag vinyl acetfate, ccllulose
acctate, acctic anhydride and chloral.
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BAZED CrrMICAL INDUSTRY 1N RRAZI

PLANTS -
FROBUCT - - T e e o REMARKS
COMPAKY CAPACITY fai. YROCLSS -1 A
UNION CARALLDE DU
MASIL S.A. 23.000 v.c.C. IDVE The unit apeiates from 1958 to 1969,
INDDSTRIAS Qutel SCIENTIFIC
(AS KLLIRO CLOKO 10,000 pretee HOPE In opeiation since 1967,
S.A, -
COIPANRTA MiAS 1 -
"YHYLERE ILIRA DF ESTIRE- &, 00U FOPPERS UV st pen The unit ~priated froa 1959 to 1970. The
N0 S A operaticn wvas taken over in 1978,
SALGEMA IN‘,CSNM:; VETROBRRS T
GUIMICAS o 60.00% ) Ltindene dienlavide .‘.chedultd:.'arruup; 1981,
LUMPARHIA ruw;u Adaptation of butad fvne (ocilTTin P
CAMA  DE  BOKRACHA 30. 000 COFLRBO Viny! scciate already cristent; Scheduled slart-
SIKIETICA-COPLE KO up: 1982,
KIODIA TRICSTRIAS hoetic acid .nd ' -
QINICAS E TRNTCIS 40,000 FOUL LG anlvents In epciation.
S.A. .
NOECHST DO RRAS 1L, Acetic acid and o
11 C. 4,200 NOL CHST soivents In ‘rution.
ACETATBCHYLE (W INTCAR £ Falta ' olvents . operation
$. A,
~ — e s o — e e e e
Aviic acid and , T
USINA VICTO! SENCE SA 360 ML (,],“‘:“ . in opiration. .
CUMPANHTA FERSANSD revie M.u-v,n,) Tic viit epvrated Sfrom 1965 o 1871,
CALA  DE MORRACIHA 30.00.) v.c.c Acciate Keing reactivated at present,
RINTET) CA-COPERLD
- - B B i et IC S S ——— e
OCTARGL.  [LLLYEN RO DO N IND, e wpesat . an, Evpan: e to H;.b(m(onlvr
~hy LBenano? . TACA 6. a 3.300 Ml " Ll at presen .
[ I —_ I T ity EE e —— e
Caedandd DOONE IND. Seboent oang B,pln fud et Drtavo) Unsrc,
WUINICA S, A, 150 MELYLY Prasticrzon s J ELY N EREAFETS TRV L ST AN
NHODIA 1NUGS TR AS ~ T T T e e T
BTANOL GIIMICAE £ 1T XV s W 16} ML) Frolveats 1o operataon,
S, .J
nGECST DO RRAS). ] i T ST T e -
QIMCA E FARMAC. 1,830 Wil CHS fo.oonte C o un oarritien.
foA |
R e e UNPULUI (NSU SO el i Ll -
COMIANUTA i b AMuL i ! YO unge Operated trar 1aby lv !97] -
RUCADTERE JCAMA  DE BORRAUNA 13.000 b.e.¢ v Pub bt adiene Phede n s pru eet te adantate 1t in
SINTET ICA-COPERRBS ‘ order to poadne etiylene. (see ubove)
ERRS W —— - B e iE Tt P S e SR o — e e ca aom .
RHOUTA 15DCY 1RIAS KON i (".xn«nln oo In ope ldl lon, ihers is a project for
) RUIMICAS ¥ TEx1L:s 1,400 PouleNe ‘[\hul aoeutoeals tapsunicr and wodwinization of  the
S. A, i
L RS TT S B p e
THBEL- 15D DE NATH- 1 ’ T
Al lrco o L i Lxplos.v. : In operstice,
IXERCIT }
S e T R
PTMYLENL CIYQY [ R1TEMG S0 1l | A ster and i -
4 oob Y M :‘r':m LoOCONMERC)) 1,300 HAalos Chunt: j In opeenticr since 1473,
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5. MAIN ETHANOL-CHEMICAl PROCESHES UTILTZED TN BRAZTI,

We give belew a deseriptior of a fow ethanol-
chemical processes alyeady utilized in Lhe country, as well
as a preliminary cconomical ovaluation of unity cmploying

such processios.

3.1, Descriplion of Proccsses

5.1.1. Ethylene Production

The basic featwe of the traditional procesns
for the production ol othylene, as thel used in
Brazil by FLLITRO CcLor, is the direct dehydralion

of cthanol using o silica-alunina catalysbs
CyHl 0l —» Colig 4+ H,0 - 10,9 Keal/mol

The reaction is carried ont at temperatureg
between 300 - 3600C and low prossure over a ‘
cat.alyst bed in o tubular reactor. It results
in the fornation of several byproducts, such
an coke, clhyl of o, corbon monoxide and carbon
dioxide. Heat for the reaclion, is supplicd by
the circulation through the reactor's shell of
a heating flvid (for cxample, "bowtherm”).
Ethylene is produced 97-98% pure, being necessary
further distillation to give a 99 per cent pure
product.

PETROIRAS RESEARCH CENTER ~ CENPES has
developed an adiabatic variation of this procoss,
spurrced on by the hiyh costs of the carlier
fvothermic process,

Fecding cthanol and steam into a row of
reactors resulted in a large reduction in coke
formation, longer catalyst activity, and appreciablc
increasce in conversion and considerably less

byproduct production, when tested on a pllot-
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Bcale., Tt was then necessary to test the
process semi-comncscially, which ;as done with
a protolype plant at REFINARLA DUQUE DE
CAXIAL' «ite afl Dugue de Caxiaz, Rlo de Ja-
neiro. The capacity »f the rvactor was de-
terrmined by (he adiabatic bohasiour of the
reacticn, wothouwt ¢y naed of additional heat

to yeplace Lo T

The 60 ton/yea. prototype has been in
opexratluon far a yeaor and seemy to confimm
the etficierey of the adiabatic reaction.
kesults of rinnang the planmt have so far shown
that oonvoetsion ic n the urder of ©H per cont
ard thoye 38 na los; of activity or sclectivily
of tne cetalyst.

Tnduster . ! cleol el may be usce? with no
eccoment, wut oas purificadiien. Also, there
hoaupoos i T ey o ope awiing dhe teactur ab
Latteer precsures thasy previovalv with no los:

of o svaane i coaver L ton.

e flovw hey ooef che CEHPRES process is
Y FUPTRRDRS £ TS LS P I C U T clion) and FIGURE
¢ o(purl catern noovaon),

ho process 1o eooried gul hy using a
corticuracicn of Lthieo resctors in a row, giving
areaber i f deney top lower whvestaent aad

oper wvtang coete

oacloers pp e a convertional fived bed,
wicre the yeacioo- i carriod mut.  Tha tem-
perattire falis {ooough the hed, duc to the
endothermic veaat nn.,

Heat for the recotion u supplicd by direcet
Leatang of the oleohold and .njections of super-
heatrd rteam in dircet contact with the alenhol.,

- e e O A R
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5.1.”.

The configuration of three reactors in a
row allows to operate each reactor with the
same inlet-outlet difference of tamperature
and processing a greater amount of alcohol in
the second and third reactors.

Impure ethylene is produced at a 5 kg/om2
gage pressurc.

The ethylene is compressed and sent to the
purification section, where it is first refri-
gerated and then fed into crystallizers to promote
the formation of hydrate. It is then passed
through a molccular sieve, to remove residual
water, and a distillation column, where propylent
and heavier hydrocarbon impurities are removed
at the bottom.

The resultant ethylene contains a maximum
of 50 ppm propylene, 0.5 percent ethane and its
dew point is -40°cC,

Production of Ace“aldchyde

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

2600
CH3-CHaOH —220-%+  CHp-CHO + Hy
ethanol acetaldehyde

Flowsheet of process is shown in Figure 7.

The ethanol in the storage tank, together
witﬁ alcohol recovercd 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 260-3300C
temperature and low pressure (3-8 psig).
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Efficicncy for acetaldehydd is 85-929%
for liquid hyproducts 12-6%, and gascous
byproducts 3-2%. Main byproducts are cthyl
acetate and acctic acid and, in smaller
quantities, butyraldchydc, mcthyl-ethyl-ketone,
ketone, butanol, methuanc, ethylene, carbon
dioxide and monoxide and unidentified oils.

The catalyst is regenerated from time to
time, which is done in two stages: withdrawa).
of carbon deposited by using as a burning agent
air dilluted with dry steam and reduction of
copper oxide into metal by passing a hydrogon
strean,

Normal opcration period of a converter is
700-1300 hours, and rcactivation period is 70-90
hours.

The acctaldchyde recovery system consists
mainly of two condensers, one low-prescure and
the other high-pressurc, and a gas washing tower.

The major portion of latent heat of the
converter's effluent is removed in the first
condenser whercin the largest part of un-reacted
acetaldehyde and alcohol is liqueficd.

The remaining gas is then compressed and
goes through the second condenscr to remove
further the heat, and is subsequently washed in
a tray column. The hydrogen withdrawn at tho top
of thc gas washer leaves the unit to be used as
a fucl or sent for flarc.

The washing tower bottom stream joins
with the low-pressure condenser liquid effluent
and, after belng mixed in line with an acctaldehyde
stream recovered in the process it is fed into
a distillation column where high purity acctaldehyde
is scparated at the top and goes into storage.

S - e Ay g - A Gl




The acctaldchyde column bottom stream,

containing mainly cthanol and water and a
smaller quantity of light and heavy byproducts
is sent to the byproducts distillation column.
In this towcer, compuunds of a hoiling point lower
than ethanol are separated at the top, whereas

un reacted cthanol and higher boiling point
compounds arc removed at the bottom.

The overhead is seni to an oil washing
system to recover acctaldehyde and other
byproducts. Such system comprisos mainly an
oil decantcr, an o0il cxtractor and an oil storage
tank.

Initinlly, the byproducti column overhead
i85 nmixed with water, in line, and the resulting
mixture is sent to Lhe 0il decanter wherce the
major part of ethanol and acctaldehydoe present |
i cruwoved, and is rccycled into the acctaldchyde

distillition column.,

The overlayin, oil feeds the oil extractor
in counter-current with a {low of process
water, The bottom strem  of this column, which
contaings a large quantity of hyproducts, is
fed again into the washing system or returns
to the digtillation system and from there to the
acctaldehyde converters. The residual oil
leaving the top of the tower is transferred
to the storage tank and used as fuel.

The botton product of the byproducts
distillationcolumn, in the form of an cthanol
watcer solution, is feod into a set of distillation
columns, where alcohol is recovered and purified
and water and byproducts arc discharged into the
scwage or sont to the oil recovery equipment.

The recovered alcohol is let out vaporized




5.1.3,

-):,..

and scervens to feed the convertors. Frosh
aleohol) coming from the storage scction ig
almo vaporized with the recycled material
roplenishing the required feoed volumo,

Production of Acetie Acid

The acetic acid process developed by PETROYULSA
congisty of an improvement. of the existing
domest ic ucetié dcjd technologics based on the
liquid phasc oxidation of acetyldohyde,

A baslc feature of this process is thno
utilization of the oxidation gas (air), prior to
the reaction, to recover the acetaldehyde contoents
of the rcactor effiunent. Also, the catalyst ig
held in a closed loop system, so reducing logses.

The unit operates at low pressure and
temperatore, and o spectial dosign of the reactor,
sparged, allows (Lo opoerate with high gas
Space  velocity without excessive acetaldehyde
entrainment .

At prescnt, a now caltalyst system is under
development toward obLaining a selectivity im-
provement .,

Fligures 8 and 9 show the reaction and
purification secctions of the process,

Fresh high-purity acctaldehyde, oxidation
gas, rccovered acetaldehyde and catalyst are con-
tinuously fed to the reactor, where oxidation
takes placo.

The reaction, which can be representod

by
Cly CHO 4+ 1/2 0, o CHy CuOM

is highly cxothermic, being developed around

- w B S R T
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70 Kcul/mol. In ordoer to rowmove the heat of Lhoe
rcaction, the subustract from the reactor s cir-

culated through out side coolers,

T™e liquid offoent from the reactor cone-
tatns mainly acetic wetd ond small amounts of
by-prodncis, such as formle acld, methyl accotale
and othcrg. This stream in firat sbripped of its
acctaldehyde contents in {he acetaldoelyde stripping
column,  the temperature and pressuye in this

columi arc set Lo maintain, Tor saloty puryposoe:s,

i coertain amount of acelic acid in the tops slream,

that goos further to the roactor.

The bottom:s go to the producl yoecovery

columy, where the incoming atv dis salurated with
accotic acid, This streame 1o condensoed and Lhe
resulting condensale, crude acctic acid, is sent

to the purification section.

I'he agaceons of faont from the roelor
containg mainly unreacted acetaldehyde, carhon
dioxide, nitrogen and oxigen, of which concentrva-
tion is kopt Jow 1o avoid firve  hazards,  This
streom is first washed with ondoed acclic acid, in
the acctaldehyde absorption column, in order to

remove the entrained acetaldehyde.

)
The acclic acid lrvaving this tower in the

overhecad stream is recuoperated in Lthe accetic acid

recoveyy column by washing with chilled watcor,

The vent gas is discharged into the atmosphoere

and the bottoms arc sent to the purification svction.

The purification scction riceives two
main strcams.  The first one, crude acctic acid,
is the condensati {rom the product recovery columng
the seccond one cames from the acetic acld recovery
column,
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This section consists of an aseotropic distil-
lation system, where cthyl acetate is employed as
a solvent.

Acetic ac 'd coming from ‘he reaction
section is fed into the azeotropic 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
steam, of its ethyl acetate contents, and then
is reutilired. The acetic acid product is recovered
as a liquid from 3 to 6 plates above bottom and,
after cooling, goes into storage. The bottoms,
mainly heavy byproducts, go to a film evaporatqQr,
wherce they arc cxkhausted of acctic acid contents
and then sent to disposal.

Butanol nnd‘Octanol Production

- In Brazil, the traditional process to
obtain such products from ethanol is used.

In this route, acetaldehyde (by dehydro-
genation of ethanol, such as explained in item
4.1.2. above) and crotonaldehyde (by aldolisza-
tion of crotonaldehyde and subsequent dehydro-
genation of aldol) are initially produced.

Next follows hydrogenation of croton-
aldehyde whereby the n-butanol and butyraldehyde
aAre obtained, the latter by uncomplete hydro-
genation.

The: production rates of n-butanol/butyr-
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aldehyde may be controlled in order to produce
a larger or smaller quantity of butyraldcehyde,
The reaction control is donce mainly by the con-
ooentration of clirculating hydrogyen,

I1{ the purpn;;(.- is primarily production
of n-butanol, butyruldchyde may he recyeclod untild
complete extinction,

If, on the contrary, the procecss is in-
tended Lo obtain octimol (2-cthylhexanol), hydro-
genation is controlled in such a way as to mux‘i.mizrx
butyraldoehyde production, which howevesr does not

prevent. formotion of n-butanol as a byproduct,

In this lapt casc, butyraldehyde qgoes
through on aidolizafion and subscyuent dehydration,
forming 2-cthyl hexdnal.  The latter is hydro-
genated to 2-cthyl hexanol.

Schematically, the above route may be
repregentoed as follows:

dehydrogenat-fon

4C!I3(.'I lz()ll ‘QIJQD
othano) acotalde hyde
O I, oh aldolization
’ ' & drhydration
. jydrogenat ion -
n~butanol «W- 201 IJCI 1= OO0
+
Q0110 ' crotona ldehyde
butyraldcehyde

& dehydration
aLoncictibc<p  ptirgenaticy,

1 aldnlization

37272 GIJCHzﬂ!zCI azcmuzm
(Yllz(.?ll3 CIIZCIIJ ‘

2-cthyl hexenal 2=-othyl hoxanol

R N -




The flow-sheet of the process, comprining
' from aldolization of acclaldehyde until e e
of n-butanol, is shown in Figure 10.

Acetaldehyde, in the presence of small
amountig of dilluted soda (10%), 1is fed into a
column where, by condensation, it is converted
into aldol. Aldolization is carried out at a tom-
perature of 5 to 2509C and conversion of acctal-
dehyde by pass ranges from 48 to 60%.  Uncon-
verted acetaldchyde is recovered as overhcead and
recycled.

Aldolization product is sont to a de-
hydration column system to be transformed into
crotonaldehyde, which i done in the presence of
‘monosodium phosphate. '

Bottoms of the' first column consists
mainly of watcr eliminated during the reaction,
wvhich ic recovered and reutilized in the process,

oty Y - e b b o

Debydration in this column is not com-
plete and its ove hcad is sent ¢ a sccond column
to procceed with the reaction. Here, unreacted
acetaldchyde is further recupcerated as overhcad
and rccycled.

Reaction mixturc leaving the second column
is sent to a decanter to separate e crotonaldehyde
and is then {cd into a third column. The overhead
of the latter is recycled into the second column,
whercas a now strcam of process water is rocovered
from Lottoms.

Crotonaldchyde follows toward the evapo-
rator and then to the hydrogenation furnace, where,

in the presence of a nickel-chromo catalyst, it is
convertoed into n-butanol and butyraldehyde. Tom-
perature of the operation is 1800C and prescure
30 psoig.
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FIGURE—10 | -#- BUTANOL AND BUTIRALDEHYDE

FROM ETHANOL PROCESS
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Reaction product is finally split in a
two reoctification towers system, and butyralde-
hyde is obtained from overhead of the first and
n-butanol from owvi rhead of the s¢-:ond tower.
When the intention is.to produce only n-butanol,
butyraldehyde returns to the reaction far further
hydrogenation to that alcohol.

Figure 11 shows, on the other hand,
the flow-sheet of 2-cthy) hexanol production
from butyraldchyde.

Butyraldebyde is fed into the alcolic
condensation reactur to form 2-cthyl hexenal.
Small quantitics of Cg luomers are also produced.

Reaction is carricd out in the prescnce
of NaOHl 10%, and fresh soda, joined with recycled
soda, fed into the reactor top, This is provided
with a serpentinc for internal cooling to remove
Lth¢ hoeat of reuction.

The organic layer split at the decanter
of overhead is cooled and sent to a tank where it
joins the organic loyer split in the bottoms de-
canter. The acyucous layer of the overhead con-
stitutes the soda recycle, whercas the acqueous
layer of the bottoms is sent for treatment and
disposal.

The organic product then follows to be
washad with water in order to remove the major
part of entraincd soda, whence it is transforred
to the first stage of the evaporator,

Hydrogen is used to lower the steam pres-
surc of the 2-cthyl hexenal misture, in order to
minimize the product's thormal degradation.

The liquid originated from the ovcrhead

N
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of the two stages of the evaporator, rich in
2-cthyl hexcnal, follows to the hydrogenation
Bectijon.

The stcam resutting from the first
stage of the vvaporatbr, containing mainly
hydrogen, is recompressed and reintroduced into
the evaporator base.

2-ethyl hexenal ig combined with hydi:ogen
and, after pPre-heating by means of exchange of
heat with the offluent of the primary hydro-
genation reactor, is fog into it. This cquipinent
is provided with a fiyed bed, containing a nickel
catalyst. Rcaction ig carried out in steam phasc,
at a tomperature of l400c and pressure of 135 peiqg,
and about 99% of 2-cthy) hexenal is converted at
this stage. The reactor's product is cooled and
the uncondensed steam g recycled for furthor
conversion.

The liquid product then goes onto the
secondary hydrogenation reactor. Reaction is
carried out in th liquid phase, .t about 60OC
and 1500 psiqg pressure, and throuyh it unrcacted
aldchydes originated from the first hydrogenation
stage arc hydroqgenated., Unreacted hydrogen scparate
from the reactor's cffluents to be used as a fuel,

Hydrogenation crude product consists
mainly of 2-cthy] hexawol, and has as impuritics
n-butanol, aldchydes and hecavy compounds,

Recupcration and puri £i cation of 2-ethyl
hexanol is carried out in three distillation
columns,  The first column scparates in the overhead
the n-butanol and other light components, which
may be further distilled to rccover n-butanol,

The sccond column recovers 2-ethyl hexanol

. e e o e
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as 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, whil> heavier produrts are rejected.

Butadiene Production

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

CH3CHO + CH3CH20H ——r g C112CHCH=CHZ+ 1120
acetaldehyde ethanol butadiene water

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

(1) ZCHBCHO CH3CH=CHCH0 + H,0

2
acetaldehyde crotonaldehyde wvater

(2) CH3CH=(JIK!}D + CH3CH20H — CH2='CHCI'}=CH2 + CH3CTI‘D + H20

crotonaldehyde etlanol butadiene acetal- water
dehyde

The process' inceyrated fiow-sheet, from
ethy alcohol, is shown in Figure 12.

The first stage of the procesé comprises
dehydrogeuation 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 the acetaldchyde
section, are mixed at a rate of 2.5 mols ethanol
for 1 mol acetic aldehyde, pre-heated and fed into

BT e N N L e e N
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the butadiene converters. MHere they are drained
through the catalytic bed (silica gel saturated
with 1.75 - 2.25% tantalum oxide), at low
pressure (3 - 8 psig) and high tumperatuvre (320-
3500C) . '

v

Undexr normal operation the conversion
by pass is rather low (8 - 12% butadicenc, in
weight), and 1t 14 ncconsary to recover and
recyerle L micjor part of the unreacted feed
strcam,

The effiuent from converters, in addition
to butadicenc and stenam, contains byproducts which
comprisc frvom ga-cs, mainly cthylene, up to
high molccular weighl  hydrocarbons, carbon depositcs,
and some exigenated compounds such as othyl ether,

n=butanol and acetic acid.

Total efficicrey in ethanol-basced
butadiene cthimal normally canges betweon 50-
63%, iucluding losses in efficiency in acetic
aAdehyde production and Joscos relating to product

reeuperation and 'vonnfer,

copverte s congist of sovera! steel
tulen , B3IV I0A W Y satldlyst, closed 1.n.'.“.idr: a
tubulor furneec. 1he reac:ion is endothermic
ard the kw;w;.“vr t'ic veaction is provided by a

Dowtleri bath, walch surrounds the tubeo,

After a B0-12) hear production period,
the catalyst da reactived throughout 24-48 hours
by Luinirg casbon through a controlled pausage
of air ot «00-420%C,

Vapour {rom the converters passes through
feud pro-heaters and goes irto the low nres-
sure condenscr. The coundensate goes to the low

EEEER e Y v i Ay o S
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pressure condensate tank, while uncondensed
vapours flow to the top of the tank through two
separate strippcrs, are compressed and sent to
the high pressure c~ndenser.

The high pressurc condensate and the
cooled vapour feed the bottom of the primary
washer, whose gascous 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 joins with
the liquid bottoms of the washers and follows
toward the pre-distillaticn column.

The overhead of this column, under normal
operatiné conditions, has 80-85% butadiene and
10-15% acetaldehyde. 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 goes into the base of the washing
tower where the process water is introduced at
the top and absorhs the acetic aldehyde and other
soluble impurities. This stream is normally
carried to the oil washing systems or,  ,alternately,
sent 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
95¢ (in volume) butadiene. Such stream is taken
to a tower, wherc butadiene is absorbed selectively
by Chlorex (ether di (2-ethyl chlorine)), and is
separatad from the major part of other component
gases (methane, ethylene, propylane and butene).

In the stripping column, pressure is




reduced and the butadicre-Chlorek solution s
distilled to steam to strip all hydrocarbon
prescent.  The chi. led vapour is compressed and
fed to the butadicene purification columns.

The restdual gas of the absorber is re-
cycled to receupeyoate hutad. ene ard butenes, or
may be sent as fuel to the Dowthcrm furnacces.

The water-Chlorex solution leaving the
bottom of the 8tripping =olumn i: scnt to a dig-
tillation column to recupcrate Chlorex. The
latter is reutilized in the absorption tower,

The butadiene purification systems con-
sists bLasically of threc distillation columns in
a row.

Vaporized fecd, containing 96-96,5%
butadicne gocs in at the first column, where the
butadienc goes out as overhead, while the bottoms,
eontaining 50-757 butad.cne, pbwscs on to the
sccond column.  jlere, basically, a1l butenc-1 g
separated in the overlic. 1 < 1 hat the criticol
Bepuration cffccted in Lhe gccond column if of
butenc-2 from hut.dicno.

In the overhead from e Fiy--t and sccond
columns butadicne has a pirity of about 98%, and
Buch otreams icpresentc the tinal product, which
i8 sent to storage.

The third column operates with a high
refljux (o cxhaust any butiadlene still prerent
in the butene mixture leaving the bottom of the
sccond column. Butenes and heavy residues are
collected in the circulation drum, to the extent
that. the butudienc eontent reduces evenly, At
last, batch distillation of th? fraction of
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butenes left in the heavy residues is dons.

5.2. Technical and Economical Evaluation

Tables V through XVl present a technical
and economical evaluation of the unis 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 evaluate the impact of the subsity instituted
for alcohol over final prices of the products, as well
as the competitiveness of processes under consideratiop
in relation to those of the petrochemicai industry.

In this sense, two price alternative of the
raw material (ethanol) were contcmplated 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 acid are only produced in Brazil from ethyl al-
cohol, in addition the review of its production by a
petrochemical route was done.

Table XV1l gummarizes, for each product,
the sales prices estimated for the two above altérnatives,
comparing same with effective prices (or which could be
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ESTIMATED MANUIACTURING COSTS AND TRANSIEH PRICE

- e

PROCESS ECONOMICAL EVALUATION '
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MANUTACTURING COSTS UN ', uas Zotet) (UNIY 7 190 prod) TUSS Z1on prod) IOEY3] o
- . [
i
- 1 =RAW MATCRIAIS ! _ _ T
~ Ethanol (100%; t 293,000 47 S 1.14 334.02 15,030,900
- ]
.- - |
2-CATALYSTS AND CHEMCALS ) S I
Catalyst . } N.A. .45 _ 23,20,
‘Powtherm N.A. .7.80 .. 351,709 z
UTHITIES .‘ o L - B B
Cooling Water o3 0.9t 140,00 8.40 . . 378p000 i
 Process Wate o m3 0.8% .60 0.53 23,8580
Steam t l 5.50 6.00 33.00 .. 1,485, ooc 1
. Electricity kwh ) G.o0" 70.00 1.75 78,7 ;
Fuel 041 m3 55,29 G.08 4,42 198, ,oo_ i
| 4-OTHLRS ) R T
8- BYPRODUCYS CREDIY B _ _ T
Hydrogen N 163.00(%) 0.04% (7.34) - (33G, 300"
_Ethyl Acetate t Tho.Galr e 0.035 {26.€1) (14200,4;(1'
Acetic Acid { Wrrm_gg_g“g_(u_*;j_[, LLLOER 112.42) {58,900
TOTAL VARTAGIE COSTS T AN .Y EVS: 1. ,erg;'iv'q._(%wwz
FIXED MANUFACTURING COSTS EVALUATION 8ASIS v 4 I RO S
e N
- . e - — - e - - - .-r
i ~LABOUR opuamo(.,ummrm\ms 150 PROCESS PLHSONNT L 14.20 639,000 2
PR ——- - — e .- - ..'
2 - MAINTENANCE 3% OF (SEL 5.13 231,000
B o . " oF o . SR PO PR,
3 ~DEPRECIATION ) 1O % OF 158L + 5% OF Gobi . 1 .~ 20.86 .| _ 21,0t |
4 ~INSURE AND TAXES j2» oF 1SBL oo N 4"2 - 157,509 g
. . e e . .- e U S
, 8 —PLANT OVERHEAD 200 % 0OF LABOUR ) ) 30.00 1,350,000 !
TOTAL FIXED COSTS AT e ditd i 23,31 1201000
_OTAL MANUFACTURING COSTS OO """"'“"":7'" T A1 16,770,000
_RETUGN_ON INVESTMINT BEFORF TAX 25% OF YUTAL INVESTMINT T 1,526 000
- ]
TRANSFER PHICE 495. 44 22,295,000
(*) Fuel value (**) Brazilian markct (***)nomesubini di zed cthanol price N.A.notival.-li'e
o d— —

Ly e
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TABLY -vin

PROCESS FCONOMICAL | VALUATION
PRODUCT Acetaldehyde ‘
pRocEss  Bthano) ehvdrcgonat ton

CAPACITY 4).("'0 m
LOCAYION

DATI 1!" e o
ESTIMATED INVISTIMINT
: _ L Trm VALUE e |
BATTERY UMITS CAPITAL COST 1150L) R U mm
OFESITES CAPITAL COST mf-!n) _,J 100,000
YoTar nxrn CATDAL _ 4 10,800,000
WOHKING (“H" | ftl e e e e e} e 2, ll[}ﬂ,ﬂﬂ.ﬂ.._...__.
|_ToTAL i STMUNT — U | 12,800,000
CSTIMATED MANUFACTURING COS15 AND TRANSITR PRICE
— ] ) N —— .. — <
.- G Lo UNIT Qo1 UNET CONSURITION COL1 MERONIY ANNUAL LOSY
MANIBACTLINING COSTS lv UNn 1SS 71N {UNIY 2 o prad ) (55 2 4on prod) (188}
t-HAW MATERIAIS
Fthanol (100%) (] 170,00 (** 1.14 193.80 8,741,000
2 - CAALYSTS AND Gl MICALS
Catalyut N.A. 0.4% 20,250
Dowtherm N.A. 7.80 351,000
S -UTILIVIES .
Conoling water m’ 0.06 140.00 8.40 378,000
I'ocens Walel w3 0.88 0.60 0.53 23,850
Lo 1 5.50 6.50 32.00 1,465,000
Lleetriefty km I 0,025 70.00 1.75 78,750
Fuel of) m 65,24 0.0H 4.42 198,900
4 -0V KS
B--UYFHODUCTS ChEMIY
Hydiogen t 163.00 (1) 0,045 (7.34) (3130, 300)
Ethyl Acetate i T06,00 (4 a,n0in (20, B “_?"6:“30)
— f\'lu’(‘ Acid ] (;OO.nO (“) 0.018 ' |.7:A2 rr)a_‘lum
Imm VAMI\HH ohIk T J ARG Iadattsattiasine i iasten sy a0 N |
e ' b o vl csssadsat At e .ua.‘-l—. .,,,....A,-AH“,,-T,‘ uq-rgdrw*‘aw R
FIXED MAN(IMCMININ(, COS1S EVALUATION HASH, e feed
- -— PSRV U MM‘A--U“A‘A‘—
- LAHOUR OPERATION , MAIN LT NANCE AND PROCESS DERSONNT | 14.20 639,000
2 ~MAINTLNANCE 3% oF IsAL 5.13 231,000
3 ~ 4 PRECIATION 0% OF ISB! 4 5% OF DSyl 20.56 925,00")
4 ~INSURE AND TAKLS 2% OF 18K 3.42 | 164,000
B ~PLANT OVE RHLAD 200 % OF LADOUR Y 30.00 | 1,350,000
TOTAL _Fixh conts { WAV RN VAR ARt 14.11 1. 209,000
Al MANUF AL TOR 05 T T T ey e :
AL MA LTURING cost PR Y & A A dewsd 22089 ] Az, 400,100
TUMN OR INVISTMUNT TRPORE YAK N E T07AL __INVESTMIENT - u.u 43200000
_ IRANSTEI 1ieE ’ T Y 15,660, 100
. aval lible (*) Fuel value (**) Bragsilian market

(***) nop-nubstdieed cthanol price



TABLE - 1X
PROCESS FCONOMICAL  FVALUATION

ESTIMATED INVI STIMENY

PRODUCYT  Acctaldehyde
PROCERS Nadu-v, 2 Rl e
CAPACITY 45,000 Mpy :
LOCATION Bmzl 1 ;
OATE 1B Lram, 1990

1 6. M ] V.A-LLJ._‘-

TOTI\I

CLYIMATED MANUIACTIHIING (e

BATTUNY UMITG CAPITAI €081 {iainT
| OFFSITES CAVIAL COST (O8I )

mw Tirn (M’HAL
wmaxmr CAPITAL
mw'nm NT

__ A, 500, 00
_4,700,060

? Rl)ﬂ (’(W
17, it ,Uﬂf

— e o

e ——— s 411+ e a3 s mmrond -

AND TRANSILR PRiIcE

fuesi

PR
S V. D (11 11T .

4

FIXED MANLFACTIIING COSTS

EVALUAYION HASIS

P e eI errrry re
'

; - - A e YT T
A 16 1 UNIET st UNFE CONSODTION. 8 CO5° IRRIINDY ANNYIAL CrsT
‘ MANUIACTURING COSTS UNIT TRCWIUIT FUNIT 7 %0 prnd ) LSS 2t pront ¢ i i
~RAW MATLRIAL
Fihylon t .00 (%) .61 261,24 12,024,800
e (Looy) kq a.084 23.00 _l.‘)J LT L
2 CATALYSIS AND CHEMICALS :
Catalyst lites 12.00 9.%) 6.12 5,400
|
!
XA AUTHATHS
L)
Couling Waler ml 0.06 142,40 10,34 460, 500
Process Water m* 0.8 0,703} 0.23 10, 35, !
Stoam ] TN 0.1 24 I ho02 225,100
Llectilcity kwl; 0.0, Hla.10 i2.9R 484,10
nert gan Nim - ¢.04n 1,61 .31 13,990
t
4. oTHLNG !
!
&--BYPRODUCTS CRL (I \
}
—— - IAITE - TP IR ey TPy raoate s riasnt e -r'wn'ymnmw'——" ——i
TOTAU VAITAIR T 0515 ROIR SN I TTIIE 13,647,650

; ] v—'mryﬁm

¢

— —— - sttt s ok i s8] Lt
{ - LABOUR OPERATION , MAINTENANCE AND PROCES®S PEHSONNE 14.20 639,000
? - MAINTENANCE A% OF (auL 7.00 315,000
S ~DEPRECIATION 10% OF 1SD 4 59 OF Ol 28.00 1,260,000
4 -INSURE AND TAXES 2% of s .61 210,150
8 ~PLANT OVIRHLAD POO% Of LABOIR 29,00 1,305,000
YOTAI [IKID Costs ~..1;;.(. AN TR A AW/ AR YY) 3,729,120
(OTAL MANUIACTURING Cosis 177" Ay SR AP 07 Aot IR TTICY I K E T TI
TR ON L KT NT VoM VA7 (3RO AL T T BSRANN WYY 4, 374,90)
BN (T T TS A 48126

21,791,700

(*) Br.aiillon warket price of Petrochemical Ethylenc

WA . - - e . 0 . SRR
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TABLE - X
PROCESS ECONOMICAL EVALUATION

PRODUCT Acetic Actlad
PROCESS Air Oxidation
CAPAGITY 60,000 MTY

LOCATION  Brazil '

DATE 18t trim, 1979
STIMATED (NVESTIMENY

i T E M VALUE uss)
)'ATL’F_QY UM'TS CAP”’&L ('UST "SBL) R L e 9,000,008, ]
OFFSITES CAPOTAL COST (0s8tL) 3,600,000
TOTAL FIXCO CaPITAL 12,600,000
WORKING CAPITAL 9,699,000
TOTAL INVESTMENT 16,200,000

l
i
ESTIMATED MANUFACTURING COSTS AND TRANSFER PRICE i
!

. UNIT CooT UNIT CONSUMFTION COST IHERUNIY ANNLAL COSY
MhNUTACTUR)NG COSTS UNIT (USS ZUNIT) {U%FY 7/ ton pead) (LISS /tan peed) {UssS)

L=RAW MATERIASS - _ .
_ heetaldehyde 0 p 0t 0 gan ooo(q) 0 .78 . 38610 ) 23,100,000
2-CATALYSTS anD CHEmcALS I T W___ B T e R
M Acetate 1T kg | a40 ) T Tel20 T ...b.88 52,800 "
U SRR T S R ]

TS SutvEs

e . Coolang Water ... _ | w3 1. c.0c .| . 280.60. | * 26.6. | 1,008,000
Process vater _ m3 G.88 f.00 | 7.04 422,400
Stcam B I U - T .05 19.80 "y 188,000

Eleetricity . .._.... . .| . kws | . G.025 | | 203.00 _ o 7.33 | 439,800
. _Instrument Aiv 4 Nm'_ ‘ . G.04 I T ~0.120 - 6,000
_A-owiers T T B i o
5-BYPRODUCTS CRFOIT ’ T e - o N
TOTAL VARIABLE COSTS AR R SRS N Yy -

FIXED MANUFACTURING COSTS EVALLIATION BASIS R et '/"//,/
""vl"'«/[ . R

ook Bethtlopdion Liiiia

e me e e = emeimin s e e amim——— e e = [ e e e i e

_i-LABOUR - opmnzou r.uwrmmc: AM, paocrss Psuc.owm 11.52 691,200

. I~ MAINTENANCE 3% OF is8i 4.50_ | .. _210.000_

T 3 -DEPRECIATION TTTTT1ON oF sl + 5% F T o ) 1,080,000
_ d-otemecumion -~ 110 % OF isal +8% OF OspL SR 1&.00 | 1,080,000

4-INSURE ANDTAXES f2% OF wsen T T T T g g .w-;.e'_o 000
_S-ouANToveRMenD T T 200% OF LapouR T T T T T e T Taa0,.000

YOTAL FIXLD COSTS A AN aE AN 61.02 3,661,200 |

b, bn %

v -y . le oh W ey Y " o Ad
YOYAL MANUFACTURING COSTS ST TR . o il ) 499,07 29,944,200

RLYURN ON INVESTIALNT BEFORE TAX 25% OF TGTAL iNVESTMLNT 75.83 4,549,800

~a—

TRANSHER PRICE FATUR: T 00 34.434.000

(*) Tranafcr Price of Acetaldehyde from non- subsidived ethanol.

20 ‘ ¢ s . - e - AT G
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TABLE - XI

PROCESS FCONOMICAL EVALUATION
PRODUCT
PROCESS
CAPACITY
LOCATION
DATE

ESTIMATED INVESTIMENT
T T E M VATUT twai |

HATTIRY UMITS CAPITAL cosT (isnt)
| OTESITES CAPITAL COST 10581 )

3,600,000

J9.000,000

| JOIAL DiXFO  CABIIAL

12,600,000

W(‘RKWO (' APITAL

3,700,000

T(\YAL INVESTME NT

Acetic Acta
Air Oxidation

60,000 My

m?‘“

txim,

1979

16,600,000

ESTIMATID MANUFACTURING COSTS AND TRANSHEIR PRICE

"y

| 3 I UNIT COST UNIT CONSUMDPTION COs1 MRUNIT ANHUAL COSY
‘ .__M"N”M'TUR'NC CosTs uNIY (WSS 7UNIT) {UNIT / ton prod] FUSS / ko prod ] res)
1 =HAN MATE RIAIS
heetaddehyde ot AAR,00. (%) 0,78 211,44 16,284,400
P-CATALYSTE AND CHLMICALS ‘ o .
Mn Acotate kg 4.40 0.20 0.88 52,400
3-UTLITHS i ’ . ] )
Cooling Water ml 0.0y 280,00 16.8 1,008,000
Mocesn Waler m? 0.88 8.00 7.04 422,100
Sloam t - 5.50 3.60 19. 80 1,188,000
Electricity kwh 0.025 293.00 7.33 434, 800
Insirument Adr Nin 3 0.04 2.50 n.10 6,410
A~ OTIHNS
B BYIWODUCTS  CREMIT
ol CVARIAW L T0'T5 NIV KA VOB ,' b ; n) .:’:':‘.'.{.a‘-.,..,."‘
- I/ '/ 7 Lid 7. 7
FIXLD MANUH\C]URWG COSTS EVALUATION BASIS iy ;, Z" ‘ ; '/...," 4
itdindil & ’éu_"‘ e 'J‘-""' ‘
L =1 ARQUR . OPERATION, MAINTFNANCE AND PROGESS PERSONNEI T 11.%2 691,200
2 - MAINTENANCE 3% OF 158 T 4.50 270,000
3 - DLPRECIATION 10 % OF ISDL ¢ 5% OF O8BI. - “fa.00 | 1,080,000 7]
& ~INSURL AND TAXES 2% OF ISBL 7 3.00 1" 1wo,000
8 —PLANT QVERNEAD 200 % of LABOUR T T _ 24,00 | 1,440,000
TOTAL FIXED COSTS [ A J NP/ S &1.02 1,401,200
_OTAU WANUFACTURING COLTE BRI A S O BRETTIY 23,064,600
__RUTUIN 0% INVESTMUNT DLIOME TAX ?5% OF TOTAL INVISTMENT £9.110 4,150,000
T TRANSTER pwcy tea,n1 177,214,600
]

{*) Transter iiee of Acetatdchydo from subsldized cthonol

N .

e

I

- A SOt D I A

——
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TABLYE ~ XH

PROCESS LCONOMICAL VAL UATION

ESTIMATED INVESTIMINY

T 1T 1M

VAL

Ut

propuct  Aretic Actd
PROCESS )\;l hxl(l wion
CAPACITY 60,L00 MTY
LOCATION Brazi.l - g
DATE 1L erim. 1979
tussy

| UFFSITES

BATYEHY UMITS CAP(TAL COSY L1S0H)
CAITAL COST mwn)

9 nob,ano
4,600,100

TUTM

ESTIMATID MANLIFACTURING COSY

L_INVE

Y(HM nxrn CAPIIAL

wnm(mn carTal

MUNT_

1, 0600.000

4,000,000
117, 3nn mm

SRR

5

AND TRANSITR PRICE

MANLTACTURING COSTS

UNIT €053

uNn UNIT CONSURY THON COST LN ANNUAL- COST
L HHSS /UNIT) (UNEY / ton guod ) PSS 26 pred ) sy
1AW MATERIAS
AcccLaoddihyde t ABALO0 (%) v, V77 0 27,000,200
P - CATALYSTR AND CHLMICAL S
M Acetate kq 4,40 0.20 .88 ‘)7,800
3 -UTI(THS
Cooling Water ,,,‘-: 0.06 280.00 16. 00 1,008,000
Proccss Waler m 0.84 8.00 7-“1‘ 427,400
Htoam t. 9.50 3. 6L 19.00 1,1d¥8,0uu
Flectrictty kwh 0.02% 293.00 7.13 439,800
Instrument Abr Nm 3 o.b4n 2.40 n.10 b ,000.
4-OTHLRS
© 8~BYHHOLUCTS CRI it
.( ra r T Mdsadtansde o4 ™ adaanss S nls -'rrlmmnvnro—w A -l ) ; -
1"""’“ VAR'EQ‘ ’!"""‘:9‘,‘(’ i ~ R SRPNPRAOV I AT ‘“"“‘mﬁ f?"""u "‘71' W%,I‘/‘.v’-.’:w),gtm
FIXED MANUIACTURING COSTS EVALUATION HASIS 7 ' o
- —— o ldadid ik &b, Lo ik bddit. ek L p
1~ LABOUR ORFRATION , MAINTENANCE AND PROCESS PEISONNE! 11.59 691,200
" 2~ MAINTENANCE 3% OF ISH 4,00 270,000
3 ~OE PRECIATION 10O% OF 1SBL + 5% OF 03Bt 18.00 1,080,000
4 - INSU TAXES Foas '
IRE AND TAXE 2% O BL 3.00 180,000
8 ~FLANT OVERNHTAD ?00% OF LADOUN 24.00 1,440,000
ey ¢ S T amem gy . -
'OY!L Fixi U’J{"q . }....l.z:-.i..r"i. .._4/.... v e inbio b o il e umu‘..d.mv PORRTRO _..~-—~5L¢02<—--—1 _...lc.ﬁﬁldﬂ.g..
- - .._' ~ -."..'. Py ey prg e "'-"r"""' IR Py - TTEYTVE T RO YT Y 'l"? ) .
YOTAL MANUFACTURING cOSYs ™77 "™ ™" - -t_/..,,m.a...t L9048 129,477,400
WEYURN ON INVESTMINT OTTONT YAY 75% OF TOTAL INVISTMENT — 72,08 1,374,800
. YRANSFER Phace - — - a0l.0d % 33,704,20
t*)} Trannfer Price of Acctaldehyde fyom petrochcemical EThyTen:

A g $ o A WA QN
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TABLE ~ X1} .
PROCESS ECONOMICAL EVALUATION !
PRODUCT  2-ethylhexancl
PROCESS  From ethancl . .. '
CAPACITY 20,000 MTY
LOCATION Brazil B
DATE A erim. 1979 7
ES IMATED livwbTIMLiNG ?
1 L™ T VAL UE tosn '
_BATTERY UMITS CAP(TAL COST {ISRI} B I ARunt,np0
OFFSITES CAPITAL COST (0500 ) i 4,500,000
TOTAL FIXL.O CAPITAL L 20,000,000 )
WORKING C/PITA: _A000,000 :
TOTAL INVECSTMENT 24,006,100 - 1
ESTIMATED MANUFACTURING COSTS AND TRANSFER PRIGE
. , , . | oIt Coor HNIT CONSUMBTION j, COST MRUNIT | ANNUAL CocT
_ MANUFACTURING COSTS UNIT ; (L1685 Fun'l) (USRI 7 1on prod {USS /tun pred) I fUsg)
[ =-RAW WATERIAS ] )
Ethanol (100%) ot L 293,00 (*4) 2,45 717,85 14,.57,00.
Hydrogen (pure) t - 700.00 G.09 £3.00 1,260,000 ;
poGAL D s . R R
Catalyst .. . ... _ .. ..l _. kg 5.00 2.00 _10.00 200,000
- - S V . - -
' o f
TTICITIES ) ) ;
. Cooling Water - SR .0.08 115.c0 ] .30 1 136,000 |
Process Water m3 . 0.88 0.70 L 0.62 o _..12,400
Stean t 5,50 28.40 154,00 3,080,000
Electricity kwn 10.025 2.000.00 50,00 1,000,000 ]
Nitrogen L _Nm? 0.076 390.00 29.64 592,800 |
. - ) e
©4-OTHERS : ) ) i
5-=BYPRODUCTS CHEDIT I I T - ’ - i
n-butarol _ t._|1,057.00(%) 5.044 C(46.53) T {930,200)
hcetic Acid v 690,001, G010 (69.00) (1,380.n~"
Lthyl Acctate t 766.00(*) | 0.033 (25.28) (°25,600) |
T IOTALVAITATLE COSTS e o bt i R T G0l22 c ] 17804400
I Lany/ ™ IARGAS, astansrans A AR
"IXED MANUFACTURING COSTS EVALUATIGH BASIS AR .//,/,'/' s
il LN i
[ ~LABOUR ) _ . | OPERATION, MAINTENANCE ANO PRACISS FERSONNEL 42,62 7 852,400
© ~MAINTENANCE ’ T sw o sm o i 23,25 7 T7U465 go0
oteRecTion 10 % OF ISOL 4 %% OF 0SBL 88.75 | 1,775,000
worossL e o8l L 1,775,000 -
4 TINSURE AND TAXES BXOFSBL e 15,50 L 310,000
S ~MLANY OVERNEAD | 200% OF LABCUk . 84,00 _ 1 1,680,000
TOTAL FIXLD COSTS VAR A S AR 1 254.12 5,082,400 -
. - e oy -~y " - !
TOTAL MANUTACTURING COSTS R T T 1145034 22,906 .800
ll
_KETURN ON_INVESTMLNT BEFORT TAX 25% OF TOTAL INVESTMENT 300,00 6,000,000 |
J
TRANSFER PRICE 1%45. 234 28,906, )0 i
(*) Brasilian Magket Price [**) Nonaubsidized Ethanol Price
4 b . . e s A R SRS —-—




TABLE - XIV

PROLESS ECONOMICAL EVALUATION

PRODUCY ~ethyllinrxanol
PROCESS From cthanol

CAPACITY 20,000 MY

LOCATION Drazil .

DATF 18t tyim. 1979
ESTIMATED INVFSTIMENT

L TN T e VALUT s
BAYTLRY IMITS CAPIAL CosY TISUL) . 14,500,000
LOFLSIN Y vrriTA rn  tuan) ) 4,900,000

tmm Tt H 1 vu'nm e _ )U (HJ() a0
wmmu ¢ /‘l nAl o _‘)‘(,QQJVQ‘Q‘Q’_
LJ.(L”“ INW‘ |WN1 23,010,000

n e —— e e s T SISO A Py

THTINATED MANUEACTUIING COSTS AND THANST TR PRICE

— - —

A (- ~ ey Y BNIT Cont HNET CONSITIMPTION COST PERTINGY /!NNU‘/H COsT
MANUFACTUHING COSTS tnn 1US< /UNIT LU 7 1on a8 2 ton prow) (55)

—

| - NAW MATLIIALS

Fthimol (L009) 170,00 (**) 2. A 416.450 B,330,000
Hydrogqen (pure) 700,40 . 63,00 1,260,000

? ~ CATALYSIS 21D CHLMICALS
Catalysit 3 5. 2 . 200,000

3 - UTHTLS

Cooling Wate '- . 115. 00 6.90 _ 138,000
Procoss: Woter . 0.70 0.62 12,400

Stean 5.t 28.00 1%4.00 3,080,000
leetried ty 024 2,000, 00 50.00 1,000,000
Niliogon ' M . 90,00 29,064 592, RN0

T4 - 0IMLRS

U= -BYIWOIXICTS  CRIEDIT
u-butanod 1,007, 00 (%) 0.044 (46.51). (930, 200)

Acerly Aetd LHL.OO (') 0.10 (6v.00) (I.MU 000}

Byl Accr ate PP p—— i ‘rng,_.gg,‘_.gf . UNEES (2. 28)
__TOIArC vnm'\ml cONY T B ! ARt A E st s v 10,9877, 400

- R prere— et btk JAI&L—“.&M vwrrw,‘}"u,l Yy LESArAtatas arnd oo Lt iy
FIXtD MANUEAC TURING COLTS [vmummw BASIS c -,,.//.-/' ! ol

e e e e o i VYPVVOW POy POR ¥ SRR IS PVEN {

[ - LABOUR OFLHATION, MAINTENARNCL AND PROCESS 1IRSONNES 42.02 852 ,_400

2 - MAINTINANTL 3% OF 15 23.725 ' 465,000

3 - DUPRECIATION 10 % OF ISBL + 5% OF 081 ) ,,'75 uoo'
. ’ 14

€ ~INSURE AND TAXI'S ?% OF ISHL .50 310,000

S ~PLANT OV RHEAD 200 % OF LABOUR o 84.00 1,680,000

TOTAL 1 IKI D €O4TS , AT o . Sl 294,12 Y, 082,40,

i s b badiinteni o s A umdd -

B T S AR AU AR SO/, B TE TS T TICTT

TTHCTONN ON INVELTRG BT BGomE TAx T TR s ol et AL INVESTMINT 29,00 5,900,000

————

TRANS | e Pleee 1,138,949 22,719, 800

I S

- ——— - ca————

- AR W B 6 B%1 W0 60 200 e By T T SBa T T CrhmioT price

e
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TABLE - XV
PROCESS FCONOMICAL  LVALUATION
PROOUC T
PROCESS
cAPACITY 30,0
LOCATION hrag
DALT. R
ESTIMATED INVESTIMENT
SR AN AN I MO Y ST
HATTIIRY UMITS CAPTIAL COST OISUT 20 000,000

IOWH l

hH tl'l'\ (‘M‘.Ml £.04y
ll‘MI llel\ (/‘\'llr!
WHI klNl- Lm HH
Y(HM INVI*IHU\l

_6,000,000

T

4,000,000
30,000,001

FSUIMATTD MANUEATTORING COGTS AND THRANSETIR PRI

@ ————e smo .

e e rm a5 of
— za,uuu.nnu.._.._....,...

P

e 4

But adfene
From kthinol

00 MY
3]
trim, 1979

T T T T Y T T T T e ey [ N comsambon | cost 1teum ANNLAL 101
MARUEAL TLRING €Ot UnY ey 7gNITj PARET £ B predd ) TUns 2 et 11.%)
$-RAW AN
Liwemet (1ope) . 203,00 **) 7. 41 723,71 2,111, v
2~ CAVAYSIL ANY CHE WA 5
Catnlyul Ly n.0a %.00 25.00 150, 00"
S -utnIis
Cuoling Water m? 0. 06 H00. 10 30.00 400,401
Elsam L he W) 5. 00 27. ::!I 824,40
. 2.4 b/ ,uun
ricctrienvy Kwii u.ueh GO, U 2.0 '
Nitragen ) Nm 3 0.0 “0.00 3.80 114,000
& OVULKS
S--BYCHUAR IS CRENT
Biayl  Ether t win,n (t) 0.1?7 (l.n.}!)) (4,007, 400
Hydrogen (1003) L 1600 (4% 0.026 (4.24) (127,20
Rt et iy Sl et sl it s cat MEL LostaialibusShalls Fitabassied M aaalil 4 '-rvqwmwn"‘- T am_— hutiidatnnd
[ ( LS A .
- i“”&.‘, .\L\'NM" ' -?.’._! Y SIIDIN TIPSO SRR AT Y 7 PP I SN m,ﬁu%w (_,mm LQ(‘
FIXLD MANUFACTLIIING COSTY EVALUATION A5 S '
- - Py - oo - . 4 At I'AA-...‘.‘J«'H...‘A‘.A. -
U~ LAHOUR OPERATION , MAINH BANCT AKD PROCLSS TV I SUNNEL 42.62 1,278,067
B ~ MAINTUNANCE S% O (sHL 20.00 600 ,00(
3 ~ORPRLCIATION (0% OF I1SOL + 1% 0L OstN 76.67 2,300,106
@ ~ NS E AND TAXES ¢ % OF I15HL 13.33 399,90
B -PLANT (WERHEAD 200 OF LABUUR 84.00 2,520,00(
" e et » TP
TOAL FINLD €OYTS e nido e ot an 236,62 ] 2,008,001
T - i '."“""«"'""“’"‘ 'g“"ﬂ--ﬂ"m""."m"ﬂ"'T“‘" A ey P
TOTAL MANULACTURING cObYS NI A A0 DI EIEE TINN IR TIPEYINTY
) "WETIMN ON mvv HTMUNTY uur‘m “Ax :_{.__u_r‘_tgv_ft mvr“m'm o 2000 1 _ 2,500,000
- ———h A wt . emete et dwmms - wiea esewm PRy A - - [P, - S M.
e JHANSTAR PRICE N - — - MUplaal ) 25,439.30

(**) Fuel value

(*) hravsllan Marhet

(%*#%)Nonsubed dlzod athano) price
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TABLE - XVI
PROCESS ECONOMICAL EVALUATION
PRODUCY Butadiurne L
pROCESS  From Ethanol
CAPACITY 30,000 M1y
LOCATION  Brawil
DATE 35Y trim, 29797
ESTIMATED It /ESTIMENT
' T E M VALUE jusm
DATTERY UMITS CAPITAL COST (iSBL) b 20,000,000 .. .|
OFFSITES CAPITAL COST (0SBL) L, 000,000
TOTAL FIKED CAPITAL 26,000,000
WORKING CAPITAL 1.200,000
TOTAL INVESIMINT 29,200,000
ESTIMATED MANUFACTURING COSTS AND TRANSFER PRICE
. . o UNIT €05T UN'T CONSUMPTION COST PERUNIY ANNUAL €OS'
MANUFACTURING COSTS UhiT (USS 7uriT) TUN'T 7 fon prod ) (USS 71on prod) (USS)
- {~EAN MATERIAIS o _ _ . BT
Ethann) (100%) ot 170.00(=#» _2'47 - 419.90 - 12,597,000
(R-CATLYSTS AND CHIMICALS T o - R
.. Catalyst . L kg 5.00 5.00 --.25.00 750, ¢
' C3-uteaes PR U R R R L
. ‘ooling !d_gtgr I -_mI,_ _ ... 0.06  } _ 500.00 _.30.00 900,000
Steaw - I R 5.00 27.50 825,000
Electricity R kwh 0,025 900,060  _ 22.50 675,000
_Kitrogen . Ned o 0.076 20,00 _3.80 114,000
a~grhips T T - i T
5--BYPRICUCTS CREDIT o N N 1 T
Yihyl Eth ¢y . t L A75.00(%) S 00137 . . (133,58) (4.007,400)
itydrogen { 00%) _ e 163.00.0*%) 0.026 o (4.24) o (127,200}
TAL RAERE AR SR TSN e
TOTAL VARIABIL C > SR ""'7%79(");& ,“f"?ﬁ 6o
FIXLD WANUFACTURING COSTS EVALUATION RASIS 1Yy b T
R - A _14’ ,1 /’// //,//
" i-LaBOUR T | OPERATION, MAINTENANCE AND PROCESS PERSONNEL S 42062 | 1,278,000
2 - MAINTENANCE | orsaL o _|.. 20000 {7 600,000
 3-DEPRECIATION T T 1I0% OF 1SBL + 5% OF OsBL ) U T 961 10 2,300,300
@ -INSURE ANDTAXES “l2% oF seL T ’ 13.33 7 399,900
T8 ~PLANT OVERHEAD | T|200% of LABOUR - oo 8400 772,520,000
YOTAL FIKLD COSTS T YAV 2SN AR 236.62 7,098,600
TOTAL MANUFACTURING COSTS HRSAKAEN AR AN A A 627.50 18.A25.001
RETURN ON INVESTMENT GLFORL TAX 25% OF TOTAL INVF.TMENT 243,13 7,300,000
TRANSTER PRICE 220.8) | 26,125,000
(*) Brazilion market price (**) Fucl Price (*+#*)Noma-subsidized ethann) price
 — \
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charged) in the country for the petrochemical originated
product.

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

On the other hand, the saving with the
production of octhanol fromn cthyl alcohol is highly de-
pendent or the cost of raw muterial and, therefore, the
use of a subsidised price for the alcohol seems to be
essential to ensure compotitiveness of such proéess.

As regards ethylene, thé 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 pectrochemical product. By reviehin
the text of the National Alcohol Plan it appears (o be
possible to apply for a larger subsidy, which, to reach
the intended equivalence, would, in this instance, he
on the basis oi 25% of preccn. pctrochcmical ethylene
prices.

Where butadienc is concerned, results ob-
tained indicote tnat its production by ethanol-chemical
route is far from being competitive as compared to the
Processee Lo obtain this basic product in naphtha pyro-
lysis complexes.
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6. CONCLUSIONS

Petroleum supply difficulties bring back
the ctha..ol-chemical industry as a sound te-hnological
alternative to obtain certain products, nowadays predo-
minantly petrochemical .

Brazil's tcudency toward the usd of
that productive route is maybe unparalleled in the world,
in view of its territorial cevient and propitious conditions
for the culturce of Sugar canc, manioc and other agricul Lural
product: applicoble in aleoholic foermentation,

On the othey hand, the National Alcohol
Plan has created favorable conditions Lo strengthen guch
activity in thce country, amongst. which should be pointed
out the assurance of a reqgular supply of raw material, ot
& recasonable price, and encouragement to development of
technoloyy in the agricultural and industyial scctors.

Thus, the cxpericoce in muabuiaciuring
ethanol-chemical derivatives,aequived throughout mony years
by the producing companies, permits to consider its tech-

noleqgy "Mlly abgorbed  in Boazil .

Such expevicnce is now Leing utilized, in
the scope of companics and roscurch centers, to modernizoe
miufactneing proc esees, with o view to dts prompt use in
larger and more cconomical units.

Morcover, in view of the present stage of
the art - whether agricultural, or industrial - of manu-
facturing cthyl alcohol, it may be anticipated that, shortly,
this raw matertal will continue to be produced in the country
at high co:ils. Therefore, the subsidy instituted by the
Government. should continue for some years, in order to en-
sure competitivencss of ethanol-chemical processcs when
comparcd to the petrochaemical industry procenscs.

At medium and long'tcrm, as a result of




PROALCOOL cfforts and the technological development pro-
grams under way, which lead to higher agricultural pro-
ductivity indices and more competitive industrial processes,
it is expected that ethanol-chemical industry in Brazil
will at last reach its maturity, becoming self-sufficient.

-
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