3.2.2 Blendlng of alcohol with gas 011 or heavy 011 A
(dlstlllate fuel) - .

. “When alcohol is blended w1th gas 011 or heavy oll-A" (dlstlll_
'ate fuel) -and the mixture is uqed as fuel for existing. diesel
engines or- small boilers; it 18 necessaxry to handle_the mixture

after maklng it 1nto a homoqenoous solutlon

At normal temperature, alcohol and gas 0il or. heavy 011 -A: show
an extremely poor solubility to each other. Becausge .of this poor
solubility, various blending methods are being considéered: includ-
ing phase solution by solubilizer, enulsification with the use of
an emulsifier, and blending by mechanlcally ‘giving strong shearing
force to two phases and produ01ng fine: partlcleu. :

Some experlments and studies using these methods have already
been conducted in Japan. However, this report will not covexr
results of these efforts because these are too technlcal and’
require much description in detail. : : -

11. Sales: Pollcy

Each country uses elther a monopoly system loky taxatlon system for
sales of ethyl alcohol to secure a liquor tax as an important source
of revenue.. Cla351f1cat10n of major countrles by the system adopted
is as follows: :

- Countrles whlch use the monopoly system .
Denmark Finland, ‘Swedeén, Norway, Switzerland, Austrla,

- Federal Republic of Germany, France and Japan -

- Countries which use taxation systenms
the United ¥ingdom, Italy, the Netherlands, Belqlum, Canada,
the United States and Brazil

For using ethyl alcohol as fuel or as basic raw material for the.
chemical industry, each country has sales promotion pollcy of its own
as described below.

_ Regarding sales of ethyl alcohol for fuel use, Brazil, the United
States and the Philippines implement a preferential policy benefiting
consumers,; Details of the preferential policy of each country are as

followus:
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1. Brazil

What the Survey Mission from Japan in October 1980 learned from
hearings with respect to the pleferentlal measures for sales were as
follows. .

1) Assistance'for Ethyl‘alcohol sales

a. A certain proflt marqln is guaranteed to the service station
o ”marketers. :
b. The:market selling price of ethyl alcohol is to be 65 70% of
the gasoline price. This market prlce was further reduced
Lo 59% of the gasollne prlce in 1982. '

(2) Incentlves for vehicles fueled by ethyl alcohol

a. The installﬁénf'sales period of'gasoliné_vehicles is
stipulated to be not longer than 12 months, but the period
for ethyl alcohol vehicles is 24 months.

b. The single road tax on gasollne vehicles is 7% of the car

- price, but on ethyl alcohol vehicles, this tax is 3%.

2. Thé'United”States

- Undex the Federal Energy'hct there is a tax exemption of ¢4
per gallon from the federal energy tax. Decision has. been made that
this exemption will be increased to #5 per gallon by adding another
£, effectlve Aprll 1983,

- Dependlng on states, ‘a-state tax exemptlon 'is given in addition
to that of ‘the federal. gasoline tax. The amount of the state tax
exémption varies greatly from state to state, ranging from no
exemption at all in some states to as much as #10.8 per gallon in
Washington, For the amount of tax exemption in each state, refer to
Appendlx ‘Table 7

3. The Philippines

Infotmatioh on the sales policy in the Philippines, obtained
from PNAC in January 1983 is as follows:

"~ Difference in‘sales price between premium gasoline and ethyl
alcohol blended gasoline (alcogas) is set at about USg5/% (%1 =
9.2 pesos) to sell alcogas at a lower price.

- For ethyl alcohol as fuel, the GovernmenL grants a subsidy of
about US#18/%.
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III. Consumption

1. Trends in Ethyl Alcohol Consumption
No appfopriate statistics on total world consumption of ethyl
alcohol have yet been reported. '

Generally, the dlfference betWeen pxoductlon and. consumption is
considered to be the change in the inventory level of. foreign trade
is negllglble In case of ethyl alcohol, the varlatlon in-inventory"
in relation to ploductlon is considered negligible. Thus, total
world production described in section B may be deemed as nearly
equal to the total consumption, o

Growth rate of production from 1965 to 1978 was:

~ Industrial ose 0.9%
- Fuel use (BraZ1l only) - 16.5%

From the growth rate of prOdUCtlon for 1ndustr1dl use, it may be
concluded that the market for 1ndustr1al use is already mature. The
market for fuel use shows a considerable growth over the same period
because of a sharp rise in oil prices, and the market for it may be
considered to be a still growing one. However, it is necessary to
make further study from a longer range perqpectlve because the
current market is affected by the temporary drop in 011 prices.

Meanwhlle, changes consumptlon by country will be fully -
discussed under section D on 1nternat10nal trade. However, total
'1nternatlonal trade of ethyl alcohol on average accounts . for. only 4%
of total world production. 1In fact, ethyl alcohol does not lend
itself as an 1nternat10nally traded commodity (for reasons to ba
discussed. 1ater)

ConseQuently, trends in consumption by country may. éafely be
considered being v1rtually equlvalent te trends in productlon in
each country. :

2. Prends .in Consumption by End-use

- - As for classification by end-use, classification scheme varies
from country to country. This makes it difficult to discuss the
trends in consumptlon by end-use as a problem common te all
countries. :

As an example, changes in demand by the five major end-uses
over the recent 10 years in Japan are shown in Table C-4,
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Table C-~4

- Demand by Five Major End-uses

- over Recent Ten Years in Japan

(k1)

Index

1970 1975 Index 1980 ,
Produc~ Produc—  {1970=100) Produc-  {1970=100)
s tion - tion : tion
Liquid Detergents 11,527 10,491 . { 91) 9,984 { 87
Cosmetics 20,986 23,158 (11.0) 16,657 ( 79}
Medicines 6,969 6,249 { 90) 10,266 ( 147)
Vinegar 9,226 12,425 (135) 14,841 ( lel)
Food Preservatives 1,254 10,284 (820} 18,787 (1,498)

Source: Fermentation and Industry, Vol.39, p. 492

_ From Table C-4, it will be noted that demand for food preserva-
._tlves has sharply grown.  This is because in Japan chemical food
addltlves have been reexanined from the safety standpoint in recent
years and ethyl alcohol whose safety has been established has been
1ncreaslngly used as. food prebervatlves.

~ As for' the other categories of demand,'the demand for medicines
and vinegar increased about 1.5 times over the 10 years (at an
annual growth of about 5%) while the demand for liquid detergents
and cosmetics showed slight decreases.
For reference, changes in demand for each end -use in thn United

_ States, Federal Republic of Germany and France are given in Appendix
Table 8.

3. _EactOrS_Affectiﬁg Consumption
Ethyl'dlcbhol is mainly used for the following three purposes;

Industrial Use:

For chemical industry (1) Utilizing the chemical and
For beverage and food } physical properties of ethyl
' For hygiene and medicine alcohol

For basic material of ] {2) Utilizing ethyl alcohol as
chemical industry raw material for ethylene, etc.

Fuel Use: }  (3) Utilizing ethyl alcchol as
- one of the energy sources
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Since the size, character, etc. of each end-use market.for ethyl
alcdhol are guite different that, we will analyze and describe the
factors that affect the consumpt:ion of ethyl alcohol for each of the

end-uses.

3.1 Ethyl Alcohol for Application in’ Chemical Industry, in
' Beverage and Food, and in Hygiene and Medicine

. Phis use takes advantage of the disSOlving; #éaCtin9;i;;i__¥
germicidal and other properties of ethyl alcohel and constitutes.
the main portion of industrial use of ethy; a}cohol;

The uéés of ethyl alcohol as solvent {whi¢h forms the biggest
_ portion of chemical industry use), in beverage and food,. and.for
hygienics and mediciné all utilize the low togigity_qf_ethyl_
alcohol to the human body.” These may be considered as ethyl
alcohol's exclusive uses that allow no-substitute to take its

place.

 Among the chemical industry uses of ethyl aldohol’, ethyl
. aérylaté'ahd_ééter which dre used for producing'hiQh'gradejpaints
and textile chemicals can be replaced by methyl alcohol and
isopfopyl'alcohol, but the guantity of ethyl alc¢hol'used*in”ethy1
acrylate and esters is only 10% of the yearly ethyl alcohol
consumption of Japan.

Under the circumstances, we can conclude that ethyl alcohol
for chemical industry use, beverage and food uSe,_and hygi¢h§fand
medicine use (which altogether form major portion of industrial
use ethyl alcohol) are special applications which can not be
easily replaced by any substitute, since the replaceable portion
is only 10%. : T

' Pwo production processes of ethyl alcohol are known for said
uses, i.e. synthesis and fermentation. Since the product by the
synthesis process usually has some limitations in its use as

 mentioned in the foregoing part of this report, the synthesis
process will be gradually replaced by the fermentation process
when the fermentation process becomes more competitive than the
synthesis procesg in terms of production cost.

3.2 Ethyl Alcohol as the Basic Material for Chemical Tndustry

. Ethyl alcohdl is used in order to obtain basic materials for
the chemical industry such as ethylene through a chemical reaction
which is a reversal of the synthesis process. This use of ethyl

“alcchol is industrialized only in such countries as Brazil, India,
etc. where ethyl alcohol can be produced economically by using the
fermentation process, ' :
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_ The petrochemical ethylene production process by thermal
oracking of naphtha and natural gas is the most prevalent process
in the world and recently the oil producing countries are planning
~to construct ethylene plants by the petroohemlcal process
u111121ng a38001ated gas as feedstock.

. Slnce there ig:no’ dlfference in guality between ethylenes
_{produced from ethyl .alcohol and by the- petrochemlcal process, it
will be . the, cost -of. productlon that will decide which of the two
processes is more competitive. The petrochemlcal process. utiliz-
ing- naphtha produces a -large quantity of by- products such as
propylene, aromatics, ete.: in’“addition to ethylene and it is to
-fully utilize these fractions- that so-called petrochemical com-

" plexes. have been formed. Therefore we should be aware that it is
-:d]fflcult 4o change the ethylene production by naphtha--based
'petrochemlcal process to .ethyl alcohol based production process
even if the latter should become more favorable in terms of
ethylene production cost.

3.3 Ethyl’Aicohol for Fuel

_ Generally bpeaklng, the selllng price of gasollne is the
productlon cost of gasoline plus gasoline tax and the govermment
~of each country counts on the gasollne tax as an important source
of revenue

Productlon cost of ethyl alcohol in the fuel use ethyl
alcohol producing countries is estimated to bé somewhere between
the production cost and selling price of gasoline. Although

" ‘introduction of’ fuel i1se athyl alcohol may decrease the tax

‘revenue from gasollne, it will surely contribute to the improve-
ment of the foreign currency balance due to decrease in oil
congumption, to the effective utilization of surplus farm pro-
ducts, to the increase in employment opportunities, etc. We may
say that the consumption of fuel use ethyl alcohol will be affected
by the future trends in oil price and the ethyl alcohol production
.cost.
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D. INTERNATIONAL, TRADE = -

In Table D-1, Qe compare the production (see Table Bf13).and'tha
import and export for each year. o

We can see from Table D-1 that the ratio of the iﬁternational trade
to the production is low at-approximately'4%'inaverage and that ethyl
alcohol is not an internationally traded commodity. :

Table D~2 shows the international traée in ethyl alcohol. for
industrial use and fuel use combined in the years 1977w19?9.

Since international organizations do not publish any reliable.
statistical report on international trade. in ethgl al?ohol,-we prepared
Table D-2 using the data collected by Chemical &arketlng anter Co.,
Ltd., Japan. .

Table D~1 Share of International Trade in Ethyl Alcohol to Production

Import ) _ Export
1977 1978 1979 1977 1978 1979
Quantity 392 467 177 200 247 276
{1,000 MT) . . )
Percentage 5.1 5.6 2.1 2.6 2.9 3.3

to Production
(%)

We might point out the following as some of the reasons why the
international trade of ethyl alcchol is not so big:

- Because many governments regulate ethyl alcohol in some way or
another, such as by adopting the monopoly system or special taxa-
tion system to secure liquor tax revenue, ethyl alcohol is pre-
cluded from becoming a free merchandise; I '

- Ethyl alcohol can be produced from various kinds of material hy
using the fermentation process and/or the synthesis process in
every country of the world; ' :

— Many governments aim to promote domestic production of ethyl:
alcohol from the viewpoint of agricultural policy because ethyl
alcohol production by the fermentation process consumes a lot of

farm products and expands the end-use application for farm
products; _ :

[3)-68



" Table D-2°  International Trade in Ethyl Alcohol

(1,000 MT)

Import. Export
© 1977 - - 1978 1979 “1e77 1978 1979
Austria = - . B} N ) .
Belgium/Luxemburg = 8.8 9.4 16.0 6.2 3.5 4.4
Bulgaria 13,3 13.2 12.7 - - -
canada - 0.1 - — —— —
Cyprus : 0.1 0.1 - - - -
Czechoslovakia 23.1 2.6 2.6 - - -
Denmark 16.4 ie.1 —— 1.5 0.8 ——
Finland 6.3 12,3 2.3 0.9 0.6 0.7
France _ _ 1.4 0,9 27.6 55.0 79.6 96,2
Germany, Fed. Rep. ———— ——— S — ———— ———
German Dem, Rep. 21.5 19.7 i6.5 3.9 3.5 4.4
Greece. 2.5 0.4 — - - .
Hungary - - - -~ - -
Iceland 0.3 0.3 ——— - - -
Ireland 1.7 2.8 ——— - 0.2 -
Ttaly 9.7 12.7 30.3 26.0 16.9 4.2
Malta - - - R —— ——
Netherlands 5.7 ——— — 5.6 —— —
Norway 1.4 0.7 0.4 9.6 8.0 8.5
“Poland - ——— - e - —.——
Portugal 1.8 2.5 2.5 - - -
Romania 8.6 - - - - -
Spain 3.7 65.6 —— - - -
Sweden 19.0 17.0 19.3 2.0 11.0 -
Switzerland 14.2 21, 5% 8.0 - - -
Turkey - - - - - -
USSR - et ——— 21.5 21.4 21.1
UK 11.2 11.9 25.5 47.9 79.6 75.2
UsA _ 59.4 71.0 12.7 20.1 21.8 60.9
Yugoslavia - e - - ——— ——— -
Japan 162.1 186.6 - 0.1 o mm —-—-
Total --392,3  '467.3 176.5 200.3 246.9 275.6

Source: Chemical Marketing Center Co., Ltd.

the Study Team.
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- Ethyl alecohol production plant does not reqqire-big amount of
investment cost of the standard

investment (it is said that the i
capacity plant of 120 kl per day is around US$10 to 18 million). -

: However, we. gxpect that the international éthyl alcohol. trade may
become active due to the following reasons: '

- Cost increase of the synthesis process due to oil price hikes may
enlarge the cost difference between the ferméntation_process'and :
the synthesis process so that the international trade may increase
to somé extent on account of this cost difference. R

~ Ethyl alcohol production by the synthésis process using associated-
gas as feedstock which is now planned by the oil producing coun-
tries is expected to be low priced and the developed countries are
being counted on to become the market outlets. '
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E, - SUPPLY AND DEMAND PROJECTIONS

T, Pactors Affecting Supply and Demand Progectlons

S We w111 analyze the outlook for- trends in raw material market,
productlon technology, prodiuction cost and consumption market which
are factors that will affect the future supply and demand of ethyl
alcohol

3. Raw-Material Market-Trends

As mentloned before, 1ndustrlal ase ethyl alcohol is produced
by the fermentation process and the synthe51s process, while fuel
use ethyl alcohoJ is produced only by the fermentatlon process.

51nce raw: materlals ubed for the fermentatlon process are
common to: both industrial use ethyl alcohol and fuel use ethyl
alcohol, we will first descrlbe the raw material market trends of
the fermentation process and later on the raw material market trends
-of the synthesis process.

1.} Raw Materials for the Fermentation Process

1.1.1 Quantitative.oﬁtlook of raw materials

" We will describe hereunder the outlook of molasses and sugar
cane which are used as raw materials for the fermentation process
ethyl alcohol production, and alsc the outlook for cassava which
is expected to become one of the important raw materials,

(L) sugar cane and molasses

Since sugar cane is the raw material for sugar production and

molasses is the by-product of sugar production, the guantita-

tive outlook of these two materlals will depend much on the
'-supply and demand ‘of sugar,

. Accordlng to-the World Bank estimate, world sugar demand is

- expected to increase annually by 2,7% up to 1995 (Table E-1}.
In this estimate, the World Bank developed the estimated
values independently for supply side and demand side by using
their forecasting model, and then figured out a reasonable
price level to close the expected supply-demand gap. We

" judge their estimated annual growth rate of 2.7% to be
reasonable.

(3j-71



(2)

_We prepared on the other hand

_As we see in fable B-2, sugar cane yield per unit area in-

Tables E-2 and B-3 showing.the
t area and growth rate of

cultivated area,- the yield per uni rat 7
ing the past ten

production for sugar cane and sugar beet dur
years on the basis of FAO statistics.

th rates of sugar cane and sugar beet
production are calculated to be 2.9% and 2.l$-respectively,
and thus, we may say that the sugar demand can.be met in 50
far as the raw material supplies are concerned. : :

The average annual grow

Asia is lower than the world average of 52 tons/ha by about 5

tons/ha (i,e. approximately 10% lower) and is capable of
being improved considerably in spite of qnfavbrable?climates
and soil conditions of that region. Therefore we can con-
clude that aside from its use for producing sugar,  some
portion'bf world sugar cane production may be used ‘as one of

© the raw materials for ethyl alcohol.

Since molasses is a by-product of sugar production, if sugar
production increases annually at 2.7% as aforesaid, molasses

- production is anticipated to increase at the same growth rate
“as that of sugar production. : '

‘World molasses production amounted to 30.8 million tons in

1979/1980 as given in Table B-1, so we can expect about
830,000 tons of annual increase in molasses production.
According to the World Bank Report entitled Aleohol Produc-
tion from Biomass in the Developing Couniries, September
1980, wasted molasses amounts to 5 million tons in the world
now. and we can therefore expect that a fairly large quantity
of molasses can be used as raw material for ethyl aleochol
when we take the expected increase in molasses production
into consideration.

Cassava

‘It is said that cassava originated in South America but

nowadays cassava is cultivated all over the world, mainly in
the developing countries and is consumed as food and animal
feed.

Cassava is internationally traded mainly between EC member
countries and Thailand as animal feed, which accounts for
almost 90% of world trade. According to FAO statistics,
world trade is around 1.5 million tons, which is only a
little over 1% of the world production of cassava, about 127
million tons, : : . :
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We will flrst review thxe selfusuppcltlng type of supply and
demand pattern before we discuss the potential of its becom—r
ing a raw matellal for pLOdu01ng ethyl alcohclf

Accordlnq to FAO Food Balance Sheets, it is estimated that
animal feed accounts for - One“thlld and food: ‘including. pro-
cessed products for tWO*thlrdS of cassava consumption. Table
B-4 shows the world average daily food 1nLake per capita and
the share of root-creps including cassava 1n At to show the

pOSlthﬂ of cassava as food.

According’ to Table E~4, the workd average dally food intake
per Caplta is rlslng while the share of- root-crops is decre-
asing -both in the developed countries and developlng coun-

tries.  We understand from this Fact that cassava 15 1081ng

1ts 1mportance as food.

As for productlon, Table E-5 shows changeq in productlon,
yleld per unit area “and cultlvated area for cassava during
the past ten years based on the FAO statistics. . The table’
shows that the expansion of hectarage at an. ‘average. annual
rate of 2.2% was responsible for a 1. 9% avcrage annual glowth
of cassava production during the past ten years. Cassava
ultlvatlon is usually carried out oh. non-fertile soil in an
extensive way. According to the World Bank, the prevailing
yield of g - 12 tonhs/ha can be 1moroved up. to 20 tons/ha by
cultivating improved varieties and adoptlng advanced cultiva-
tion methods and fertlllzer admlnlstrat;on

Slnce we expect that the food consumption of cassava which
accounts for two-thirds of world cassava consumption will
decrease and that the cassava yield per hectare can be raised
considerably by improving cultivation methods, we consider
that cassava can be counted on as a major raw material for

‘ethyl alcohol productions in terms of quantity.

1.1.2 Outlook for raw material prices

(1)

Sugar cane

Since no international organization has ever made a reliable
price projection for sugar cane, we used the projected sugar
prices to derive ‘the future sugar cane price trends.

The World Bank Report entltled Prlce Prospect for Major
Primary Commodities: suggests that the average sugar price

- will be US$372/ton for the period 1985-199%, The World

Bank derived this price by separately projecting the supply
and demand for sugar using their own forecasting model to
seek the price which will close the gap between supply and
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(2)

(3}

demand as mentloned hefore, and we 3udge that' the gxpecteq

sugar price of US§372/ton is reasonable.

Fig. B- l shows the trends in sugar prlce oyvr the. 1961 - 1982
period by the International Sugar Council. Frrom this datq.we
find that the sugar price was apDrOleatelY US$28?/ton in
1982. When we adopt the World Bank price forecast of US$372/
ton for the sugar price in 1990, average annual prlce 1ncre~
ase is about 3.3% for the 1982 - 1990 perlod.- :

Therefore we judged that the prlc& of sugar cane w1ll also
rise at a rate of 3.3% per annum in the coming years

Molasses

Accordlng to the World Bank Report entitled Alcohol Produc—
tion from Biomass in the Developing Countries, molasses is

utilized for:

- Animal feed, raw material for ethyl alcohol by fermenta—
tion in pzoductlng countries: ayprox1mately 66%;
- Internationally traded as animal feed: approximately-

20%;
- The remaining 14% of molasses is abandoned w1thout belng.

utilized,

Due to,témporary stagnation of'ail price and the special
character of ethyl alcohol market, we cannot anticipate any
remarkable change in the molasses demand.

Regard1nq supply of molaqses, an annual growth rate of about
2.7% {1 e, about 830,000 ton increase annually) is “antici-
pated in parallel with the increase of sugar production as
mentioned before,

As any substantial change is unlikely to occur in the future

molasses supply-demand, we estimated the future molasses

prices on the basis of the past price trends.

The average price increase rate is estimated at about 1,6%
per annum by the least square method from the past price
trend of molasses shown in Fig. E-1, and we expect that this
annual price increase is also applicable in future.

Cassava
Since the 1nternatlona11y traded quantlty of cassava accounts
for only about 1% of the world total production a8, mentloned

befgre, there is very little price data on cassava.  When we.
consider the characteristics of cassava market and competi-
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ava demand is unlikely to rise

tion with other feedcrops, .cass mand ’
1so unlikely to rise

sharply. Hence cassava price is a
sharply.
price data for cassava ig not available,

Though appropriate : : ay LE
hipping prices of cassava in

we show in Fig. E-2 the farm s
Thailand for the past twelve years.
Reqreésidn analysis gives us an average annual rise of 3.9%
of cassava price from Fig. BE-2.

s not anticipated in the future
the cassava price is
of 3,9% in future.

Since any remarkable -change i
supply-demand situation of cassava,
considered to increase at an annual rate

1.2 Synthesis Process

1.2.1 Prospect. of raw materials supply

_ Ethylene is the'iéw material for the syhthesis process_ethyl
alcohol production and about 36 million tons was produced in 1980
as shown in Table B-7. '

According to the survey conducted by Shell, ethyl alcohol
produced by the synthesis process amounted to about 1.6 million kl
in 1980, and about 600,000 tons of ethylene was used for ethyl
alcohol production. . :

As above, ethylene consumed as the raw material for the .
synthetic production of ethyl alcohol accounts for only 1.6% of
the total ethylene production. In view of the ethylene production
projects using associated gas in oil producing countries and the
current world-wide low operation rate of ethylene plants, we can .
‘expect that enough quantity of ethylene will be available for the
synthetic production of ethyl alcohol. :

1.2.2 Price trends of materials

_Ethylene, which is the_raw_material of the synthesis process
ethyl alcohol, is produced by thermal cracking of naphtha, natural
gas and associated gas.

According to the industry, feedstock costs account for about
80% of the ethylene cost due to be soaring oil price in recent

vears..

_— .Thus, in estimating the future ethylene price, the rising
price of ethylene material was given an 80% weight.
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The price of naphtha may be considered ?s_closelg'lihkedﬂwitht
the crude oil price since naphtha’'is one Of 1tS;ffaCt}°3S~ _ANQQQ
many forecasts of crude oil price bY various inteynatlonal.?rgan—
izations, the forecast announced in the Woxld Bank-Reportlentltled
Emerging Energy and Chemical APPliCdtions'?f Methanol was:ﬁﬁopFed
for this report as it envisages al average rise of -2.5% which is
considered reasonable in view of forecasts by.iEA;\and.otherS-

The rate of price rise for naphtha~based ethylene was assumed

to be 2.0% a year.

The natural gas price in the United State is controlled to a
lowsr level than the potential market up to 1985 undex the price
control on.energy, but reportedly it will rise to the price level
egquivalent to low-sulphur heavy 0il-C when converted to an:equal
calorific value and become almost edqual to the price of the
natural gas-based ethylene in absolute terms in and after 1986.
The 1980 price of the natural ‘gas-based ethylene was US$490/ton,
which was considerably lower than the naphtha-based ehtylene pricg
(US$750 - BOO/ton) as stated previously. in this report, the
natural gas-based ethylene price is assumed to rise at an annual
rate of 2% up to 1985, then rise sharply to become equal to the
naphtha-based ethylene price in 1986; after that, it will continue

rising at an average annual rate of 2.0% again.

As for associated gas, Shell plans to construct a 350,000
kl/year'capacity'synthetic'éthyl alcohol production plant in -Saudi.
Arabia for on-stream in 1986, Associated gas will be used as the
material for ethylene in this project, The cost of associated gas
is reported to be US$0.5 per MMBTU, and the assoclated gas-~based
‘ethylene price is éstimated at approximately uss400/ton.

It is reported that the price of ‘the associated gas—based
ethylene will be maintained at a same level for a long period as a
matter of policy. Thus, ethylene from this project is considered
to be the most competitive among various materials for the synthe-
tic ethyl alcohol production. "From this, it was anticipated that
the price of the associated gas-based ethylene will remain-at
Us$400/ton after 1986 without any price rise. '

2. Trends in Production Technology
Technological inncvations have been described in. the section on
production. In this section, the effects of technological innova-

tions onh the production cost will be reviewed.

We may consider the following as the major technoloyical
innovations leading to the production cost reduction:
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- Increasé in the yiéld per unit area of raw materials (only on

" farm products used materials for the fermentatlon process ethyl
. alcohol production) :

~ Savings in raw material cost and utility cost

- Reduced investmenL cost of production plant
' Beonomies resulting from largexr production scale

. We will see the potential magnitude of cost reduction attain-
ablé by the technological innovations -on-each of the fermentation
process and synthesis process using the latest average production
costs stated in the: section on production as a basis.  For this cost
study, a newly constructed production plant was assumed.

2.1 Fermentation Process

Cost study is made for each of the major raw materials;
molasses, sugar .cane and cassava.

Among the latest techn01091cal inncovations as mentioned in
. the section on production, only those items that are considered to
have been carried to a relatively high degree of technical comple-
tion will be taken up in evaluating their effects on cost reduc-
tion.

2.1.1 Molasses

(1) . Increase in the raw material yield per unit area

Since'molasses is not a farm product but a by-product of
sugar production, this item is not applicable.

{2) Saving in raw material and utilities costs

‘The most modern process using molasses as raw material was
assumed to incorporate the most modern technologies that have
been carried to a high degree of technical completion, ' such
as the continuous fermentation process using 1mmobllnzed
yeast and the pressurized distillation. Thus, the production
“process of ethyl alcohol from molasses is assumed to be as

. follows: -

Molasses

. Fermentation (continuous fermentation process using
immobilized yeast}

Distillation (pressurized distillation)

Ethyl aicOhol
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(3)

(4)

cost -reduction due to raw materta]

we do not expect: any
ed yeast process 15 adopted for

saving even-when. the lmmoblllz
the formentatlon procesa

on the oLher hand, ‘we can expect utlllty Coot savxng by
adopting the pressurlzed dlstillatlon, sincc the plessuxlzed
distillation is said to be capable of ‘saving “about 30% of
utllltles consumed in ‘the: dlstlllatlon unlt.s Cenerally, it
is said that the dlstlllatlon plocess consumes -about: 85% of
the total ut111L1e5 requlrements “Itis therefore p0551b1e
to save about 26% of the total utilities: consumpt:on by

adopting the pressurlzed distillation.
Réduced construction cost of productiOn'plaht3

The 1mmoblllzed yeasts process in the fermentatlon process
makes it possible to reduce the investment’.cost of the
fermentation unit by about 20 - 30% by compar1 son with the
conventional process. The. fermentation unit accounts for
about 25%-of the total investment cost. ‘Thus, the total
investment cost can be reduced by 5 < 7.5% by~ adoptlng the
immobilized yeast process. In thls report we assumed a-'6%

sav1ng as an average,

The pressurized distillation process also affects the 1nvest—
ment -cost because it requires larger wall thickness for the
dlstlllatlon column but makes the diameter of the: column
smaller. All in all, it is said that the. pressurized distil-

“lation column is somewhat: cheaper thar the conventional unit,

but this has not been taken into account -hecause its effect
on the total plant 1nVQstment cost is 1nsxgniflcant._

Economies resulting from larger prodUction scale

Tn the sugar produc1ng countrles, ethyl alcohol plants uging
molasses as raw material dre usually located near . sugar -
plants to facilitate collection of molasses.

This means that the capacity of ethyl alcohol plant is
restricted by the availability of molasses that :can be
aconomically transported. Thus, we have not considered
economies of scale by the capacity expansion.

In summary, when molasses is used as raw material, the
technological innovations will bring about:

- 26% reduction in utilities cost
- 6% reduction in plant investment cost
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2,1, 2

(1)

QUgar'cane?

_Increase 1n Lhe raw mater:al yleld per unlt area

_“The Len year average annual growth rates of Sugar cane Yleld
:—over the 1968-1978 perlod according to the FAO statistics
are . given in Table E~6. During the gaid ten years, the yield

of Brazil, India and Cuba had grown ahnually on an average by

18;8%,; 3.7%.and 12.1% xespectively. We expect that the yield
will’ increase at approximately the same rate as used to be

and assumed 10% anmual growth of the sugar cane yield per

" unit area is for this report. This 10% growth rate is
*attalnable in view of the past ten year performance in Brazil

(2)

and Cuba.=
Saving in raw material cost and utility cost

The_lateét sugar cane-based ethyl alcohol production process

“will be the same as the molasses-~based production process as

follows:
Sugar‘cane

Fermentation {continuous fermentation process using
J - immobilized yeast)

Distilation (pressurized distillation)
Ethyl alcohol

We do not expect any quantltatlve saving in material by
adoptlng the dmmobilized yeast process for the fermentation

‘unit. -On the other hand, we can expect about 30% manpower

(3)

saving in utilities by adoptlng the pressurized distillation
process in the distillation unit. Generally, the utilities
consumed in the distillation unit amounts to about 70% of the
total utilities consumed in the gugar cane-based ethyl
alcohol preoduction. Thus, about 21% of the total utilities
consumed ¢an be saved by adopting the pressurized distilla-
tion, :

‘Reduced investment cost of production plant

The immobilized yeast process in the fermentation unit makes
it possible to reduce the investment cost of the fermentation
unit by about 20 - 30% in comparison with the conventional
process. The fermentation unit accounts for about 15% of the
total investment cost of sugar cane-based ethyl alcohol
production plant Accordingly, the total investment cost can
be reduced by 3 - 4,5% by adopting the 1mmoblllzed yeast
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Table BE-6 Growth of Farm Products

‘Avérage Annual.

" ¢cultivated Growth Rate for

Prodhétibn Yield ed _
' ' Hectarage the Liast 10 Years
(1,000 M) (kg/ha) (1,000 ha) =~ (%)
{Rice) S ' : .
_China 143,400 3,717 38,575 14.6
India 69,000 1,792 38,500 8.8
Indonesia 26,350 2,977 8,850 25,3
(Wheat) . - . :
china 60,003 1,444 40,001 32,0
usa 58,289 2,301 25,333 7.2
India 34,982 1,574 22,220 24.6
{Cassava) : : e
Brazil 24,935 11,844 2,105 -28.6
Indonesia 13,100 9,371 ~1,398 24.1
Thailand 12,500 12,500 1,000 -25.5
{Sweet Potato) S . . .
China 92,600 8,527 10,860 4.6
Viet Nam 2,400 6,316 380 26.0
Indonesia 2,350 7,605 309 23.0
(Sugar Cane) : : - -
Brazil 138,325 54,906 2,519 i8.8
India 156,450 50,160 3,119 3.7
Cuba 70,000 53,030 1,320 12.1
{Corn) : _ : .
UsSA - 197,208 6,330 28,726 10.0
China 40,620 3,113 13,050 9.0
Brazil 16,309 1,442 11,314 11.0
{Potato) E . .
poland 49,582 20,312 2,441 20.7
-US? 15,769 30,456 518 17.2
China 14,040 9,154 1,543 15.5
Source: FAOQ
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4)

process.. In this: Study, an average of 4% savang in total

1nvestment cost wag assumed.
Economies resulting_from larger productien_scale

The'capacityfoﬁeSUgér-caneﬁbased‘ethylgalcohol production
plant is restricted by the availability of economically
transportable sugar. cane, . - In the section on production, we
mentioned a 120 kl/day capacity as being the latest average,
and this- producLlon scale of 120 kl/day is considered reason-
able. '

Summarlzlng, Eor sugar cane~ba5ed ethyl alcohol productlon,
teohnologlcal innovations are expected to bring about:

- 10% reduction in raw material cost (due to increased
‘yield) . :

«-18% reduction ‘in utilities cost

~ 4% reduction in plant investment cost

2.1.3 Cassava

(1)

(2}

Increase -in tlhie raw material yield per unit area

Growth rates of cassava. yield according to FAO statistiecs are
given in Table E-6, ~According to this table, the cassava

~yield in Brazil and Thailand durnng the last ten years
de¢lined at an average annual rate of 28,.6% and 25.5% respec-
‘tively while in Indonesia cassava yleld roge at an annual

average rate of 24,1%,

When we’ try to forecast the caseava yleld we should take into
account that_lt is only very recent that cassava has come to
be recognized as one. of the raw materials for ethyl alcohol
and that various efforts have been and are being made in
improving ‘varieties ‘and cultivation method and also in
realizing all~year harvesting under a planned cultivation,

.etc.

Slnce the World Bank Report predlcts a con51derable increase

‘in. yield (from prevailing level of 9 - 12 tons/ha to 20
tons/ha) and Indonesia with the world average cassava yield

has attained 24% annual growth rate, we may anticipate a 20%
annual growth rate in yleld

Savxng in raw materlal cost and utllltles cost

-'In the latest cassava—based ethyl alcohol production process,

the nonucooklng ‘process was assumed for liquefaction/saccha-

- rification process, and also. the continuous fermentation

{3)-87



(3)

(4)

process using immobilized yeast

and_the'pressurized"distillau
he distillation process

tion for the fermentation and t : :
s-based and sugarn

respectively as in the case of molasse
cane-based ethyl alcohol production.

Cassava
-Liquefaction/sacqharification {(non-cocking process)

Fermentation. (continuous fermentation process using
immobilized yeast) : :

Distillation (pressurized distillation process)
Ethyl alcohol

We do not expect any quantitative saving in material by
adopting the immobilized yeast process for the fermentation
unit. T o

On the other hand, we can expect about 60% utilities saving
by adopting the non-cooking process in the liguefaction/
saccharification process and about 30% utilities saving by
adopting the pressurized distillation process in the
digtillation unit. '

Generally, utilities consumed in the liquefaction/sacchari-
fication process and the distillation process respectively
account for about 30% and 60% of the total utilities consumed

" in the cassava-based ethyl alcohol production, s0 we' can

expect utilities saving of about 36%. in total, i.e. 18% each
in the liquefactin/saccharification process and the distilla-
tion process. - ' ' '

Reduced investment cost of production plant

The ratio of possible cost reduction- (20 - 30%) in the
investment cost of the fermentation unit by adopting the
immobilized yeast process times the portion accounted for by
the fermentation unit (about 20%) in the total investment
cost of the cassava-based ethyl alcohol production plant
makes it possible to reduce the total investment cost by
about 4 ~ 6%. In this Study, an average of 5% gaving in
total investment cost wasg assumed. :

Economies resulting from larger production scale

aAs with the sugar cane-based ethyl alcohol production plant,
the capacity of the cassava-based ethyl alcohol plant is
restricted by the economies of raw material collection, and &
standard vapacity of 120 kl/day was assumed to be apprb~
priate. .
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Summarlzlng, for cassava~based ‘ethy) alcohol production,
techno]oglcal innovations are expected to bring about

- ?0% rLductlon in raw materi al cost (due to 1ncreased
yield)

- 36% reduction in utilities cost
< 5% reductlon in plant investment cost

2.2 Syntheéis Process

s the latest process under the synthesis process,: the
follow1ng processes, including pressurlzatlon in the distillation
proce%s, have been assumed:

Ethylene
" Reaction process
Distillation process (pressurized process)

Ethylfalcohol

2,2,k ‘Saving in raw material c¢ost and utilities cost

In the case of the synthesis.process, saving in the cost of
raw materials is possible by using improved catalyst in the
reaction unit. However, since research and development efforts. in
the field of catalysts are reportedly far from vigorous lately, as
stated .in- the section on technological innovations, the cost of
raw materials was assumed to remain unchanged.

With respect to curtailment in the amount of utilities,
reduction- of production cost would be possible by the use of the
. pressurized. process in the distillation unit.

As the distillation process accounts for about 85% of the
total utilities consumed under the synthesis process, 30% saving
resulting from the use of the pressurized process leads to a
reduction of total utilities cost by 26% on the whole.

2.2.2 Reduced investment cost of production plant
Ag stated in the section on the fermentation process using
‘molasses, some cost reduction by the use of the pressurized

process can be expected,'but it was not taken into account as with
the fermentation process.

[31-89



2.2.3 Economles resulting from larger ploductlon scale_

Table B 7 presentq major manufacturers usrng the syntheSLS

DProcess.’
1 for ethylene con51sts of associ-

/Shell project in Saudi Arabia;
material by all other. '

Tn Table E~7, raw materia
ated gas only for. the planned SABIC
naphtha or natural gas ig used as raw

manufacturers.

It is evident- from Table E-7 that Lhe capacity of the-plents'
recently bullt or under planning is oriented toward ever larger
scale. _ R . :

The average productlon capacrty of the plants built since
1970 and those in the plamning stage using naphtha,. natural gas
or associated gas as feedstock is about 170,000 kl/year (135,000
tons/year). In the section on productlon, the cap301ty of the syn-
thesis prOcess.plant was assumed to be about 40,000 kl/year. Bgt
the capacity of synteh81s plants yet to be built: is bound to become
larger in scale, as it has peen since 1970; and: the average. . =
production capacity may be assumed to be 170, 000 kl/year. ~ Under
this assumptlon, econonies of scale arising from larger productlon
scale is calculated by applying the empirical exponentlal rule of
raising to the power of 0.7. Under this calculation, the 1nvest—
ment cost of the plant for producing 170, 000 kl/year increases by
about 2.75 times in spite of the fact that the: plant capacity

increases by 4.25 times.

if, as a consequence, the future proeduction capaclty under

the- synthe51s process is assumed. to be 170,000 kl/year, reduction of

© about 36% in fixed cost a55001ated with the plant investment -cost
can be expected.

_ From the foregeinq, technological innovations in the area of
the synthesis process may be-expected'to bring about:

- Utilities cost reduction of 26% and
- Investment cost reduction of 36% (by economies of scale)

3. Production Cost Trends

Average cost of production under the existing fermentation and
synthesis processes has been estimated in the section:on production
on the assumption ‘that the plant would be of a newly constructed
type. But in order to grasp the effects of:

- Raw material market trends and
- Production technology trends
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Table E~-7  Synthetic Ethyl Alcohol Manufacturers of thé World

. Start of: Production
. . ) . Qpera- Capacit
q anufagture CPlant - 3 P ¥
Country H . i R Pntoct.ss - tion (1,000
. (Year) (HT/y)
USh Union Carbide Corp. Taxas Clty, Texas Direct - Technology propri- _ 1969 370
o : ’ method  etary process = o i
shell themical Co, ilouston, Texas n - sh'en'pr'ocess 1948 120 -
{Stopped
: in 1979}
publicker Industries Piuladelphia, Pa. " - VEBA process 1968 185
e, -
Us Industrial Chemi- Tuscola, T1l. " ~ ‘fechnology propri- 1972 200
cals Co, o e . 8rary process
(Mational Distiilers) :
Texas Eastman Longview, Toxss " - * 1956 - 17
. - . {952-832)-
ok B.P. Chemicals Cragenouth Scoi. Direct - Shell process - 1951 /56 %5
: nethod ’
" - VEBA process uUnder Con- (155}
' struction
Baglan Bay S, Wales " - " 1973 155
British Celanese spéndon 1930 a0
Schweitlsiure (230-{350) )
Cermany, Eradlchemie GmbH ¥iin-worcingen “Direct - Sheil process 1960/63 60
- . ruthod .
Ped. Rep.
Chenmische Werke Hllis Hderne - ~ VEBA process 1972 130
AG . . 1190]
France Soc d'B.tha.nall de Liiiebonne 1968 100
Synthese ' schweitlslure
{SODES)
Canada Chemical Alcohols Yarennes Que. Direct - VEBA process 1971 [11]
method
Japan Ja-pan Syntﬁesis Kawasak i Pirect - Shell process 1965 40
Alcohol methed
Japan Ethanol Yokkaichi b - " 1972 40
{a0)
Korea,  Chung Pu Fertilizer - Ulsan Direct - Shell process o 1979 3o
Rep. of ’ method IStopping}
China CHTIC Xirin pirect - VEBA process 1978 100
. method
Taching " - " 1981 200
lJUD} }
Saudi SABIC/Shell Ol AL Jubail Direct - Shell process 1984 280
Arabia {(SPPC) . methotd Undey Con-
- struction
Eastern  Chemopetrol Zaluzi Direct - Technology propri- 1963 60
Europe {Czechoslovakial method etary process
VEB Chem. Werke Buna Schkopau 25
[German (em. Rop.}
Rumania : : 40
. 650
ussk 1775}
Source; Fermentation and Industry, Vol. 39, No. 8, 1981.
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estlmation of the productlon cost has beon
As. the purpose of this attempt: has
been to probe into the relatlve levels of producthh cdosta between
the fermentation and synthesis processes, when various types pf
raw materials are used, genelal rise in cost,’ including plant
1nvestment cost and labor'cost has not been lncorporated.

on the productlon cost,
attempted for the year 2000,

3.1 'Settlnq of Cases

Cases forx tentatlve calculatlons 1ncluded the follow1ng

A, Average production cost of’ the world, in Case molasses is

. used as raw material in the fermentation process. . :

B, Average production cost of Lhe world, in case sugar .cane 15
used as raw material in the fermentation process. :

C. -~ The production cost in Brazil, when sugar cane - 15 used as raw
matellal in the fermentation’ process. ) :

b. average production cost of the world, when cassava 18 used as
raw material in the fermentation process. ;

E. 'Avelage production cost of Europe and Japan, when naphtha is
used .as raw material for ethylene in the synthe51s procass.

F. Productlon cost in the United States, when natural gas is
used as raw materlal for ethylene in the synthes1s process.

G. Production cost in Saudi Arabia, when associated gas is used

as raw material for ethylene in the synthesis process. .

3.2 Reflection of- Raw Material Market Trends and Production
- Technology Trends on Ethyl Alcohol Production Cost

£thyi alcohol oroductlon cost factors routhy con51st of

-~ Raw material cost

-~ Utilities cost

- Chemicals cost :

-~ Fixed expenses (depre01atlon, etc.) related to 1nvestment
cost :

- Fixed expenses related to labor cost

The relations among the respective production cost factors, raw

material market trends and production technology trends have been
conceived as shown below.
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Production Cost Factors

Raw materials cost

Utilities cost

Raw materlals market
trends:

Chemicals cost

VProductlon Lechnology
'Lrends

Fixed expenses (irvestment cost)

Fixed expenses (labor cost)

Strictly speaking, production technology trends do.affect the
chemicals cost.and fixed expenses (related to labor cost); but it
has been excluded from the scope of this study as these effects
would be insignificant.

3.3 Tentatlve Calculatlons of Production Cost for the Year 2000
by Case :

_ The average productlon cost of ethyl alcohol by the fermenta-
tion and synthesis processes at the present time has been dis-
cussed in the section on production and summarized in Table B-11.
Tentative calculations of production costs, from the present time
till the year -2000,. will now be made by treating market trends
of raw material and production technology as faotors in cost
tluctuations.

+3.341° Case A (The average world productxon cost ut11121ng the
molasses~-based fermentatlon process)

fThe,current cost of ethYl alcohol'is'estimated at $407 per
kl; an average cost baséed on the $412 per k1 production cost of
industrial ethyl alcochol and the $402 per k1l production cost of
fuel ethyl alcohel shown in Table B-11.

= -As.stated in the reference to market trends of raw material,
'the:price of raw molasses is expected to rise annually by 1.6%,
but as estimated in the section on trends in production tech-
nology, it can be expected that future technological innovations
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will reduce labor cdét,by 26%'and*constructicn'costfby 6% by'the'
year 2000. Accordingly the production cost in Case A“is likely
‘to rise from the'present $407 per k1 to $469 per klin the_ygar
2000. The results of this calculation are sunmarized in Table
E_S‘ : . A N .

3.3.2 Case B (The*avéiége world production cost utilizing. the
sugar-cane-based fermentation process)

As shown in Table B-11, the current cost is §429 per kl.
Although the price of raw sugar.canefis:expected to-rise.annu-
ally by 3.3% infthe'future,ifutufe'EechnblOgical'innovations can.
be expected to reduce raw material cost, labor cost and con-"
struction cost By 10%, 18% and 6%, respectively. AS guch, the
production cost in Case B.is expected to rise from the present
$429 per k1l to $628 per k) by the year 2000, The results of
this caleculation are summarized in Table E-9.

3.3.3 Case_C.(Production-COSt'in Brazil utilizing the .sugar-
cane-based fermentation process) .. - .. e

As shown in Table B-11, the current cost is $279 per kl.
Although the price of raw sugar cane is -expected to rise annu-
ally by 3.3% in the future,; future technologicalwinnovations,can_
be expected to reduce raw material cost, labor cost and con-
struction cost by 10%, 18% and 6%, respectively. Accordingly,
the production cost is expected to rise from the present §$279
.per k1 to $386 per kl in the year 2000. - The result of this -
calculation is summarized in Table E-10. - R :

3.3.4 Case D (The average world productioh cost'utilizing-the
cagsava-based fermentation process) '

As shown in Table B-11, the current cost ig $427 per k1.
Although the price of material cassava is expected to rise
annually by 3.9% in the future, future technological innovations
¢an be expected'to reduce raw material cost, labor cost and
construction cost by 20%, 36% and 5%, respectively. ™ As such,
the production cost is expected to rise from the present $427
per k1 to $502 per k1 in the year 2000. The result of this
calculation is summarized in Table E-~11. - -

3.3.5 Case~Ez(The:average prodhctionrcost in Europe-ahd Japan
utilizing the naphtha-gthylene-based synthesis production
pracess) . : T o '

The current average internationai cost using.the synthesis
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jprocess in which, unlike fermentatlon process, ethylene is used
"AB A& raw- material in. the productlon of ethyl alcohol, is shown
An Table C-3.- Since the price of ethylene varies according to
© the raw material used, e.g., naphtha, natural gas. or assocxated
“gag, the productlon ‘cost in the year 2000 is baged on the
assumption that naphtha, Whlch is used mainly in Europe and .
Japan,,. will be ueed as a raw materlal for ethylene.

Since £he price of ethylene in Europe and Japan is $775 per
ton - and 0. 48 tons of ethylene isg requlred for 1 k1l of "alcohol,
the current raw, material cost is: estlmated at $372 per k1 by
'multiplying $775 by 0.48 tone._ The priceé of ethylene is
_expected to rise annually by 2%, calculated by multiplying 2.5%
by BO0%. since the proportlon of naphtha used a8 raw material in
the: production of. ethylene, in terms of the cost prlce of ethy—
lene is 80%, though the price of naphtha as well ag that of
crude oil riees annually by 2.5%. On’ the other hand, ‘it can be
expected that by the year 2000 technologlcal innovations will
reduce labor cost by 26%, and the use of, larger scale equipment
will reduce construction cost by 36%. Accordingly, the produc-
tion cost is expected to rise from the present $564 per k1l to
$665 per kl in the year 2000, The result of this calculation is
summarlzed in Table E-12, '

3,3,6 ‘Case F (Production cost in the United States utilizing
the natural- gasnethylene—based synthe31s process)

Slnce the prlce of ethylene in the Unlted States is $427
_per ton, and 0.48 tons of ethylene is requlred for 1 X1 of alco~
hol, the: ‘current raw materlal ‘cost is estlmated at $237 per k1
- by multiplylng $427 by 0,48 tons.. :

_ Although the prlce of natural gas -in the United States will

be held at a level below the actual market price due to the
policy -of. pxtce control on all energy sources from now till
1985, the industry predicts that the price of ethylene will not
vary whether natural gas or naphtha is used as the raw material,
because the price of natural gas will rise to the same level as
that of lowmsulfur heavy 0il-C after 1986, in terms of calorific
value.; Accordingly, it was expected that the raw material cost
in the’ year ?000 would be $531 per k1, the same as in Case E.

. On the other hand, it can be expected that technological
innovatione will reduce labor cost and construction cost by 26%
and 36%, reepectively, in the vear 2000. As such, the production
cost.is expected to rise from the present $427 per k1l to §665
per kl by the year 2000, the same price as in Europe and Japan.
_The result of this calculation is summarlzed in Table E-13.
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3.3.7 Case G'IProductioh cost in'Saudi Arabia ntilizing-the
‘asseciated gas-ethylene-based synthesis process)
 Since industry expects the price of ethylene to be $400 pex
ton, determined as a matter of governmen

t policy, it wag agsumed
that the raw material cost, out of all current costs would be.
$192 per k1 in the year 2000, caleulated by mult%plylng $400 hy

0.48 ton.

‘On’ the other hand, .technological innovations can be ‘o
expected to_reduée-labor costjby-zs%'by the year'ZOQOg Since

the capacity of the ethyl alcohol plant now being planned in
Saudi Arabia is to be.as large as 350,000 kl per year, reduc-
tions in construction cost by installing larger equipment can no
longer be expected. Calculated on this basis, the production
cost is expected to rise from $384 per X1 at the time of start-
up of the ethyl alcohol plant (in 1986) to $362 per kl by the
year 2000, The result of this caloulation igs summarized in

Table E-14.

3.4 Result of Tentative Calculations

The result of tentative calculatons of ethyl alcohol produce
tion cost is given in Table E-13. .

The following may be stated as trends gleaned from Table E-15.

- Excepting cases where low-cost ethylene from associated gas
and the like as raw material is available, the synthesis pro-
cess is'likely to lose competitiveness. RR '

— Consequently in the future, advantages in the production cost
are likely to accrue in cases where low cost materials are
available for the fermentation process, such as in the case
of Brazil, and in cases where associated gas is available as
ethylene material for use in the synthesis process. '

4. End-ﬁse'Market Trends

_ As stated in the section on the uses of ethyl alcohol, the end~
uses are roughly divided into the following categories. ' '
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Table E~15 Ethyl

Alcohol Production-Cost FEstim

wate for Year 2006

(uss/x1)

Raw Current . Year 2000
Process Material Prod'n. Cost Est. Prod'n. Cost Est,
A. Fermentation . molasses . World 407. 409
process -average
B, " . Sugar . World 429 -628
cane average ' _
C. " . Sugar' ., Brazil 279 - 386
cane
D. " .. Cassava . world 427 502
average ' :
E. Synthesis Naphtha Europe, 564 665
process Japan : R
F. " . Natural gas USA 427 665
. " . Assoclated Saudi '
gas Arabia (384) 362

Figures in { } show estimated costs in 1986.

Industrial Use:

For
- For
. For
For
for

Fuél USe':

chemical industry use
'fdod and beverage
hygienics and medicine

use as basic material }
chemical industry

)

(1)

(2).

(3)

Uses that také_advantége-of

" chemical “and physical pro-

pertles of ethyl alconol
Uses as raw materlal for
maklng ethylene

Use as energy

Consequently, as alternatlve substitutes differ accordlng to
use and also the nature of end-use market differs, -the end—use
market trends by applications will be presented for each of the
three categories of use,

4.1

Uses for Appllcatlon in Chemlcal Industry, for Food and

Beverage and for Hygienics and Med1c1ne within the Category
of Industrial Use

These are uses that utilize the characterlstlcs of ethyl

alcohol.’

Substitutes available in these areas are methyl alcohol

and isopropyl alcohol, but specific applications which can be
replaced by these are very limited, for example,'Japanesé market,
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accounting for as low as 10% or so of the total. Thus, the effect
of substitutes may be considered slight.

Past- growth in consumption of ethyl alcohol fdr'these uses
~ has been low at 0.9% a year, showing that this is a fully matured
market, . . : ' '

Estimation of future market growth can be worked out by the
~use. of the elasticity to GNP, but since the result of analysis
of the correlatipn_between past consumption and GNP is not signi-
ficant, it was assumed in this Study that the past growth rate
will probably be carried over into the future as no basic change
~in the market structure is anticipated. '

. 1f consumption should grow at the rate of 0.9% a year,
consumption in the world is anticipated to increase at the rate of
about 80,000 k1 a year, and the total consumption is estimated to
increase from about 8.35 million k1 in 1980 to 9.98:million k1 in
the year 2000.

4.2 Use as Basic Material for Chemical Industry within the
Category of Industrial Use S

_ In . this use, the purpose is to obtain basic raw material,
such asuethylene,.forsthe=Chemicalﬂindustry through chemical
reaction: that is the reversal of synthesis for ‘obtaining ethyl
alcohol. The growth of this market outlet may be considered as
being dependent on the ability to compete against ethylene pro-
duced by the petrochemical process in terms of production cost.,

' Cost estimation under existing conditions has been citéed on-
Table C-3 of this chapter. Comparison of estimated production cost
of ethylene under the two procesées is presented in Table E-16 for
the:year 2000 on the basis of the ethyl aleohol production cost in
Table E-15 for the year 2000. However, the price of the raw
material for the petrochemical process was assumed to rise by 2.5%
a year, and since the raw material cost accounts for B0O% of the
total production cost,'ethylene Price was assumed to rise by 2% a
year, :

From Table E-16 these trends can be gleaned.-

~ The world average of the cost of production under the process
of manufacturing ethylene from ethyl alcohol is higher than
the existing petrochemical process. In countries like
Brazil, where the ethyl alcohol production cost is low,
however, the ethyl alcohol process shows a trend of bolster-
ing its competitiveness against the petrochemical process in
the aspect of ethylene production cost. '
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Table E-16 ‘Comparison of Ethylene Production COQto (l)

US$ /MT)
Existing State - ‘2000”

Ethyl Alcohol Process o _ .
World Average 1,023 o _ 1,280
Brazil 724 S * 1:1¢)

Petrochemical Process L

Average for Japan and Europe 775 1,100
Usa _ ' 490 1,100

Saudi Arabia - o 400

- iowever, ethylene produced by the petrochemlcal process in
oil-producing countries:like . Saudi Arabia using associated
gas as raw material is hlghly competitive in productlon cost,
And as.is evident from the exmstlng situation, the trend
towards switching: from naphtha- and ‘natural gas to ‘associated
gas in the oil- produc1ng countries is likely to 1nten51fy

Since crude 011 prices are polltlcallj determlned as We have
w1tnessed on two occasions of sudden prlce raising in the past,
prices. have socared widely. - And if, as an example, a price rise
that will lead to ‘doubling of price in 15 years is assumed the
annual rate of rise will be 5%. The assumed case.of 5% price
increase every vear in shown in Table E~17. In the petrochemical
process, however,'S% annual rise in the price of raw material will

result in 4% rise in the price of finished product, since the raw
materlal cost accounts for 80% of the total. :

'Supposing the crude oil price is to rise by 5%”a year; the
world average cost of the production of ethylene from ethyl
alcohol would become lower than the cost required for making
ethylene from naphtha or natural gas as is done in Europe, Japan’
and the United States. And this is expected to lead to brisk
production of ethylene from ethyl alcohol is various countrlcs of
the world.

4.3 Fuel Use

Asg ethyl alcohol is used as a substltute for gasollne, the -
consumer market in this area is greatly affected by the gasollne
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. Table E-17 Comparison of Fthylene Production Costs (2)

(USS/MT}

'Existing State 2000

Ethyl Alcohol Process
World Average ' 1,023 1,280
Brazil ' ' ' 724 960

' Pefroéﬁeﬁical Proéess
Average for Japan and Europe 775 1,570
USA - 490 1,570
Saudi Arabia . _ —_— 400

price trends, which in turn is dependent on the crude oil price -
trends. With regard to the crude oil price trends, the World Bank
report entitled Emerging Energy and Cheimical Bpplications of
Methancl estimates an annual rise in price of 2.5%. TIEA, on the
other hand, expects little change -in the price of 0il up to 1990,
and it estimates an anmual price rise of 3% between 1990 and 2000.
The World Bank's projection of an annual rise of 2.5% is con-
sidered reascnable even when forecasts of IEA and other inter-
national organizations are taken into account,

‘With regard to the relation of the crude oil price to the
gasoline production cost {ex-refinery price), details are found in
the World Bank report entitled Alcohol Production from Biomass in
the Developing Countries. And on the basis of this report, the
future relation of crude oil price to the gascline production cost
in shown in Table E-18.

Table E-18  Crude 0il Price and-Gasoline Production Cost

Existing State o
(1983) 1990 1995 2000

crude Oil Price 29, 0% 34.5 39.0 44.0
(us$/barrel)-
Gasoline. Production 0.25 0.30 0.34 0.38

Cost (UCﬂ/Q}

* Arabian Gulf posted price
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The results of tentative calculatlons of the ethyl alcohol
 production costs shown in Table B- 11 and Table E~15 are converted
- into gasoline equivalent on the basis of calorific values (low
calorific value of gasoline/low calorific value of alcohol 7,700
keal /8/5,048/8) and compared with gasoline in Table "E- 19.  The
table alsc shows the market price of ‘gasoline by addlng the
gasoline tax to its production cost as a reference.

Table E-19 Gasoline and Ethyl Alcohol Productlon Costs (1)

(US¢/£)
Existing State 2000
Gasoline.production cost 0.25 - __Oi38
Gasoline market price 0,5 - 0,65 0.68 -~ 0,78
World average molasses-based 0.62 0.71
4 | production cost )
o} : _ . o o
6 | Wworld average sugar 0.65 : _ 0.96
2 | cane-based production cost ' :
e .
— | Sugar cane-based production 0.43 0.59:
2| cost in Brazil '
B =
M | world average cassava-based 0.65 . 0.76
production cost '

Note: The gasollne market prlces represent the amount
' ‘obtained by adding the gasollne tax of USg#£0.30-0. 40/2
to the gasoline production cost.

In case the crude oil price rises annually by 2.5%, the ethyl
alcohol production cost would be higher than the gasoline'pro~
duction cost even in the year 2000, as can be seen from Table
E-18. This appears to call for government incentives for ethyl
alcohol production. The case for a presumed annual rise of 5% in
crude 0il price is given in Table E-20.

In the case of presumed annual rise of crude oil price by
5.0% shown in Table E-20, the ethyl alcohol production cost in -
countries like Brazil, where the ethyl alcohol production cost is
low, would be about equal to the gasoline production cost. “And
since this makes the alcohol economically competitive, mubstitu-
tlon of alcohol for gasoline is anticipated to take place rapidly.
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Table E-20 Gasoline and Ethyl Alcohol Preoduction Costs (2)

(USE/R)
Existing State™ - 2000
Gasollne productlon cost ' - 0.25 . 0.57
Gasollne market prlce . C .. 0,55 -~ 0.87 0,87 -~ 0,76
World average molasses-based. 0.62 ' 0.71
~ | production cost
Q1. _ : .
£ 1 world average sugar ' 0.65 0.96
ot canembased production cost
[y
A1 Sugar cane-based production 0,43 0,59
2| cost in Brazil
L o _ _
M| World average cassava-based . 0.65 0.76
production cost

1T, Suppiy'and Demand Projections

_ Supply and demand pr0ject10ns will be discussed separately for
the short term and the long~term outlock,

1. Short-term Projection

The supply énd_demand projection from the present to around
1986, when Saudi Arabia's synthesis process commences operation,
will be presented for each of the three major uses of ethyl alcohol.

1.1 General Industrial Uses (Chemical Industry Use, Food and
Beve:age Use, Hygienic Products and Medicinal Use)
HWlth respect to these uses, the 51tuat10n at the demand side

will be analyzed, and this will be followed by the supply side' s
response. towards the demand.
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l 1 Demand

_ As stated before, an annual growth of about 80 000 kl (0 9%)
in the consumption of ethyl alcohol- for-the afoxementloned uses |
can be expected. As. a consequence, new demand of about ?40 000 k1

is anticipated between now (1983) and 1986

ction cost by the synthe51s plOCQSS using
material is anticipated to be about -

This will be too high and ‘out. of
competition against the productlon cost of US$386/k1 for alcoho]
produced by the fermentation process in countries like. Brazil,-
where the raw materials are available at low-.cost, and-against Us$
362/kl for aleohol produced by the synthesis process using associ-
ated gas as raw material for ethylene. In the 01rcumstances, some

move towards

‘Meanwhile, the produ
naphtha and natural gas as: raw
Us$665/kl in the year 2000.

- Conver51on of the manufacturing process to fermentatlon,
- Importation of ethyl aleohol produced under the Iermentatlon

process and
Importation of ethyl alcohol made under the synthe51s process-

using associated gas as raw material for produ01ng ethylene
is considered llxely :

It is difficult to maké a quantitative estimation of ehtyl alcohol
by the change in production process oOr by the switch to"imporxts on
account of various policy problems attending shutdown of existing
plants, the difference between the production cost and 1mport

cost, in case of home production; and of policies for protectlng
home-produced agrlcultural products. Nevertheless, the - ratio of’
the idle capacity w1ll be estimated form tha exxstlng output by

the sysnthe51s process’ and the quantlty 1nvolved in the.chatige of
the manufacturing process or. switching ‘to imports will be estimated.
According to the result of survey conducted by Shell, the 1980
production by the Synthesis process is estimated at about 1.6
million k1. And if 10 to 30% of the total synthe51s plants should
be laid off in the future, about 160,000 to 480,000 k1 may possibly
be filled either by the fermentation process productlon or by '
imports. As a consequence, the following may be env1saged for the
short-term outlook up to 1986:

- Demand increase: 240,000 k1
~ Conversion from synthesis '

‘process or switch to imports: 160,000 to 480,000 k1
- Total incremental demand for

the fermentation process: 400,000 to 720,000 k1
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1. l 2 Supply

i Wlth respect to supply needed for- meetlng the 1ncreased
_cdemand the 1ncremental portmon, as stated. in- the section on
,;trade, has bdsmcally been £illed by the countyy where the  demand
~has grown. In other. words, the selfmsufflclent characteristics of
ethyl alcohol market ‘has :so far been followed, but, international

" transactions are antlclpated to become brisk in the future, on
account. of dltferences in the prices of farm products used as raw
materials for the fermentation process and of widening differences
in the prices of ethylene used as raw materlal in the synthesis
process‘ ~ ‘

The ch01ce between domestlc productlon and 1mport by the
country where demand growth has emerged will depend,; besides
policy" con31deratlons, on the difference between the production
cost and the import. cost. Factors affecting cost increase in the
case of import include: . '

- Freight cost amounting to about US$60 - US$80/k1

- Refining cost {in case of differences in spe01flcat10ns) of
about US$50/kl

~ The tarlff (@)

_'Consequently, the POSSlblllty of exportlng ethyl alcohol- depends
- on whether export can he made: at a price lower than the piice

' arrived at by: subtractlng US$110 ~ US$130/kl and the tariff
portion from the prevalllng market price in the importing country,
And the. countrles with the possibility of export1ng alcohol are,
as stated before;: those hav1ng low-cost: raw materials avallable
for the fermentatlon process .(Brazil, ete.) and those in a posi-
tion to use associated gas as raw material for ethylene ‘production
by the synthesis process, such as Saudi Arabia. where the plant is
scheduled to commence cperation in 1986. The outcome will pro-
bably be a price competition betweén these two groups,

1.2 Usé as Basic Material for Chemical Industry

This use- is subject to the impact of ‘the rise in crude oil
prices to a great extent. In the section on the end-use market
trends, therefore, estimates have been made for the case of 2.5%
annual rise in the c¢rude oil price and for the case of 5.0% annual
rise. .However, as the estimates worked out by the international
organizations generally assume price stability up to 1986 or
thereabouts, the crude oil price rise of 2.5% a year has been used
in the short-term outlook.

In case. annual crude 011 price rise of 2.5% is assumed the

_. w6rld average of the production cost of ethylene from ethyl
- alcohol, as has already been shown in Table E-~16, compares
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unfavorably with the pethChemlCdl process now - and will remaln B0
in the yeax 2000. Howover, countries like Brazll, where ethyl
'alcohol productton dost is-low, are and will be. fully: competitive ,
in price now.and up to. 1986 agalnst the petrochemLCal Process. uged
~in Europe. and: Japan, Undeyx the circunstances, ithe: trend towards
the use of ethyl alcohol ‘as ba51c raw material for the chemical
1ndustry including ethylene ploductlon is antlclpated to

1nten51fy.

1.3 Fuel Use
As in the case of use as basxc raw materlal for the chem1cal

industry, -annual crude oil price rise of 2. 5% is’ assumed inthe
shoxt term outlook - :

_As has already been shown in Table E~l9, crude 011 price rise
of 2 5% a year: puts the productlon cost ‘of. ethyl: alcohol "in® terms
of equivalent calorific value will be between the gasoline pro--
duction-and marketing costs even in the case of Brazil where ethyl
alcohol production cost is low. This means the néed- fox s0me
government incentives for ethyl alcobol and a partlal loss of
gasoline tax revenue. : K

'As a consedquence, use as fuel is likely to be 'determined by a
dellcate balance between reduced gasoline: tax revenues: resultlng
from the government: incentives for ethyl alcohol and Sther policy
con51derat10ns,rsuch as- balance cf paymente and- farm product
fostering pollcy in. each country. The: short~term outlook ‘as a

- consequence,. sees the situation: as being an extension of the
ex1st1ng state of thlngs, and the countries hav1ng policies on
balance of payments and on :fostering of farm products are expected
to continude producing ethyl alcohol for fuel use.

2. Long—renge3Projection
. Long-range supply and demand outlook up to the vear 2000 will
be presented for each. end-use.

2.1 General Industrial Use

2,1.1 Demand'projection

Assuming an annual demand increase of 0.9% contanxng into
~ the future, as stated before, the worldwide demand for indus strial-
use. ethyl-alcohol is projected to increase from about 8,35 million
k1 in 1980 to. some 9.98 million k1 in the year 2000. Thé Increase
in demand during the period will be about 1.63 miliion k1.
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While lt dg difficult to quantitatlvoly grasp the change in
: manufacturlng process from the. synthesis process to fermentatlon
- process and the gwitch from domestlc ‘production to imports,
possibility. of produclng about 480,000 to 800,000kl by the
fermentation. process or-of meortlnq similar amounts is conceiv-
able; “if the plants by the ~synthesis protess. egquivalent to 30 to
- 50% of -the: 1980 productlon of about 1.6 million k1 are to be shut
-'down : :

- Acoordlngly, the long range outlook up to the year 2000 may
- be summarlzed as follows:

- Démand'inérease; _' 1.63 million k1
- -Change- from:sysnthesis process
- to fermentation process or

switch'to import: 480,000 - 800,000 k1
= Total.incremental demand for '
-the fermentation process: - about 2,11 - '2.43 million kl

'2.1;2‘  Supply progectlon

y.Y] stated in. the sectlon on short term outlook the basic
'approach would be filling the incremental demand with the ferment-
ation’ process production or with imports by the country where such
increase has takeh place. And as countries capable of competing
in the export market, those with supply of low-cost materials for
the fermentation process {Brazil, etc.) and the oil-producing
countries that have associlated gas available for use as raw
material - for produc1ng ethylene by the synthesis process, are
. concelvable.

2.2 . Basic Material for Chemical Industry Use

" .In case crude oil price rises by 2.5% each year, the follow-
ing trends are conceivable.

- The world average of the cost of producing ethylene from
- ethyl alcohol would compare unfavorably with that of the
petrochemical process.

_~ However, the. countries like Brazil where ethyl alcohol
production.cost is low are likely to become more competitive
against the petrochemical process in future, and are antici-
pated to 1nten51fy the trend towards using ethyl alcohol as
ba81c mdterlal for the chemlcal industry.

In case the crude oil price rises by 5.0% a year, the world's
average cost of producing ethylene from ethyl alcohol will become
lower than the cost of producing ethylene by the petrochemical
process using haphtha or natural gas, as is being done in Europe,
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ang in the countxies Like Braztl,_

Japan and, ‘the United . States.'
tha. trend: toward the

where ethyl alcohol productlon cost is low,”
use of ethyl alcohol ‘as basic: material for the: chemical industry

s antlolpated to be 1nten51f1ed . WLth regard to-'the p0531b111ty
of. export however, thele is-a tendenoy ins Lurope, Japan ‘and Lha
United:- States towards seeklng ethylene material- from the:oll-
'produ01ng countrles. . Moreover comparison- of produotion costs, -
i,e. USs400/ton for oil-producing countries’ ethylens productlon
cost ‘and about Us$960/ton for producing ethylene from ethyl
_alcohol in Brazil, makes it dlfflcult to place any hope on the

export market

2.3 Fuel Use

In case a orude 01l price rise of’ 2.5% a year is assumed the
ethyl alechol productlon cost in terms of. equlvalent oalorlflc_
value would be in the year 2000 bhetween ‘the gasoline. producLlon
cost and its market selling price. This would require some
incentives for ethyl alcohol by the government. The:uge as fuel,
as a consequence, is not likely to change much : from the” present
level, since the use as fuel in the longer-range would be deter-
mined ‘in consideration of the pHalance between redUced gasollne tax
revenue due to incentives for ethyl aleohol and various other
policy considerations. such as the balance on the forelgn currency
accounts and fostering of" farm” produots

.rIn case a crude oil price rise of 5.0% a year is assumed, the
ethyl alcohol- production cost in terms of equivalent calorific
value :in: countries. like ‘Brazil where ethyl alcohol. production cost
“is low; would, be- about on the par with the gasollne productlon
cost. As this would make alcohol economically’ .competitive ‘against
gasoline, rapid progreéss in the substitution of ethyl alcohol for
gasoline is. llkely to be seen.

With regard to poSSlbllJty of export, however, additional
cost by freight and so forth is likely to make the ethyl- alcohol
importing price highér than the gasoline production cost ‘in the
countries contemplating import. And since problems: related to the
" petroleum and auto industries of the. prospective importing coun-
tries will have to be coped with, hopes for the export market
cannot ‘be entertained so ea51ly.
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.111. 'ExpdrtihglPOSSibilities of‘EthYl Alcohol Produced in Brazil

_ Conslderinq the ‘outlook for demand ‘and supply, exportlng p0331b1n
11ties of ‘ethyl alcohol produced in Bra21l may be said to be as’
folloWs.-- :

1, Ge’hé‘ral I-ndustr'_ial Use -

. WOrld demand is expected to- inérease from 8.35 million k1 in
“1980 to 9.98 million k1. in the year 2000 with an annual average
growth of about 80, 000 k1, ‘If the synthesis process based on naphtha
and natural gas . loses cost competitiveness and the operatlon rate of
_ synthesie process production goes down to 30+50% of capacity in the
year 2000,. the ‘additional 480,000 to 800,000 kl demand will have
to be’ met by ‘either ‘the fermentation process or imports. If this is
the case, total demand will increase by 2. 11 teo 2.43 million k1.

_ Regarding supply,'lt is expected that there will be supply
-achleved uging.the- ferméntation process from countries producing
ow~ cost_agrlcultural products such as Brazil, and by synthesis
from associated gases such as Saudi Arabia.

2, ;Basic Chemical Use -

.The cost of producing ethylene from alcohol may turn out to
be cheaper COmpared to the cost of producing it from naphtha or
natural ‘gas. Therefore, ‘in countries such as Brazil and India,
whare alcohol is produced from domestic: agrlcultural product, con—
srderable amounts of -alcohol w111 be used for basic chemical use.

On the other hand, the ethylene produotlon cost from associated
gas in oil- produ01ng countries is very low, and it is notable that
Europe, Japan and the ‘United States are trying to obtain ethylene
from the oll~produc1ng countries.

Further, in the industrial countries, the petrochemlcal process
using naphtha produces large amounts of useful by~products such as
propylene and aromatic, in addition to ethylene, so that operation

of these petrochemical processes using naphatha is expected to con-
tinde in the future.

3. Fuel Use

" Assuming that the price of crude oil increases at an average
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annual rate of 5%, the cost of producing alcohol in countries where
agriéultuiéiffaw materials are cheap, such as Brazil, would be about
the same as the cost of producing gasqline,fSD[that'rapid progress
in the substitution of alvohol for gasoline is likely to-be seen in.
such countries. ' ' S L
on the other hand, it is also necessary for the purposes of.
export to keep in mind the additional cost of freight as well as
problems in the petroleum and auto industries of -the prospective

importing countries.

,Et&mfthe above, it seems Ehat Erazil_has the potentiality of
exporting alcohol for the following reasons. : ' .

Firstly, for general industrial use, the increase of world demand
is expected to be over 2 million k1 (corresponding to 30 million- tons
of sugar cane, that is, 600,000 ha of additional cultivating area) in
the year 2000. : .

Rédarding.théée incfeases'ih deménd,_Brazil will be one‘qf-the
most likely exporters, and the possible competitors will be oil-
producing countries like Saudi Arabia. s

Secondly, for basic chemical use and for fuel use, domestic con-
sumption will rapidly increase in countries tike Brazil which can pro-
duce alcohol by the fermentation process using low-cost agricultural
raw materials. '

Moreover, if uncertain supply and/or more rapid increases in the
price of crude oil should occur in the future, or if oil~importing
countties_should initiate policies. to resort to alternative energy
sources for national -security, considerable amounts of alc¢ohol might
be released for exportation rather than consumed domesticg}ly.
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Appenﬁix'Tablé 1 Proﬁerties of Ethyl Alcohol

1. Physical Properties

-.Appearanée V
Oéér

-Taste'

spécific gravity
Boiling point
Melting b@iht

Refractive index

Critical:temperature'

Critical pressure
‘Flash point
Tgnition point

Ekplosion limit

Vapor pressure
Heat of combustion

Heat of vaporization

Heat of dissolution

Colorless and transpérént liquid

Distinctive arématic.odof

Taste of burning sensation

(dlz) 0.79360; (d22) 0.78934

78.325°C (760 mmHg)

-114,15°C

(n20) 1.3614; (n 25) 1.35941
D D _

243.1°C

62.96 atm

i2.8°C

382°C

{in atmosphere) lower limit 3.3 vol %,
upper limit 19 vol %

40 mmHg (19°C)
326.66 kcal/mol

10.337 kcal/mol ({(20°C)
9,304 kcal/mol (BP)

-2.67 kcal/mol {(water 200 mol 18°C)
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2., Chemical Properties

Ethyl alcohol is a aatur
group.

ated monohydric aloohol haying:one-hydoxyl

It is extremely soluble in water, alcohols, ether, and other
organic solvents. It dissolves many metallic salts; alkalil hydroxide,
hydrocarbon, fatty acid, and other organic compounds, and -also ‘'various
gases more greatly than water does. : :
Sodlum and potassrum form ethoxide with ethyl alcohol and dlgsolve
into ethyl alcohol '

Ethyl alcohol reacts w1th sulfurlc ac1d to form a01d efhyl sulfate
and, if heated, produces ethylene or dlethyl ether dependlng on. con-
ditions. It also forms carbll sulfate by actlon of sulfuric anhydrlde.

It forms hallde ethyl C H X by actlon of trlhallde phosphorous PXB

It produces acetaldehyde and acetlc ac1d by oxldatlon w1th a
sulfuric acid solution of chromlo acid and potassrum permanganate, or by
oxidation by contact with platlnum black

It is oxidized by chlorlne and bromlne into aldehyde and becomes
acetal in the presence of exc¢ess ethyl alcohol., As its chlorination
further advances, it will become monochloacetal and dichloroacetal.
Flnally, it will become chloroalhexide CCI CH(OC2H )

it forms ethyl sulfate by nitric acid which contalns no: sulfurous
~acid. It produces mercury fulminate (CNO) _Hg when reacted with mercury
and excess nitic-acid.” When subjected to %hermal cracking at’ 800°C, it
produces ethylene and water, or acetaldehyde and hydrogen.-

3. Pharmacological Properties

Ethyl alcohol is a sedative and not a stimulant as generally
believed.

When ehtyl alcohol is diluted and taken in a proper quantity, it
will stimulate appetite, promote secretion of gastric juice and assist
in food intake. However, if less diluted ethyl alcohol is repeatedly
drunk, it w1ll affect the mucous membrane of the stomach.

1f ethyl'aloohol_is drunk in excess, it will paralize the respira-
tory center and particularly does harm to the nerve system, and may’
cause wmental diseases. In terms of relations between the blood level of
ethyl alcohol and toxrc symptoms, the inhibitory nerve center wxll be
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parallzed and Judgement lost w1th ‘an ethyl alcohol concentratlon of
0.05%, both motor nerve and sensory nerve will be paralized with 0,1%,

ntire motor nerve will be disturbed with 0,2%, comatose condltlon will
occur with 0 4 to 0, 5%, and death thh 0.6 to 0 7%,

In industrlal appllcatlons, ethyl alcohol 1s regarded as a solvent
of relatlvely rioc harm. Ethyl alcohol vapor will act as an anesthetic if
1nhaled Repeated exposure to ethyl alcohol vapor will cause irritation
to mucous membranes, headache, trembllng, sleepiness, nausea, loss of:
appetlte, etc.

1n ca e of exposure over 8 hours per day in productlon front, the
maximum dllowable concentration is 1,000 ppm. A concentration of 5,000
ppm w1ll produce a pungent odor and induce drowsiness and loss of senses
in a few hours time. With a concentration of 5,000 to 10,000 ppm, these
symptoms will occur w1th1n 1 hour.-

It is generally believed ethyl alcohel will not accumulate in the
body as a toxic substance because it is completely burned in the body
and reduced to carbon ledee gas and water. However, if ethyl alcohol
is taken in a large quantlty at a time, damaged body tissues may remain
in that. condltlon w1thout ‘the impediments cured. Therefore, care must
be taken to avoid continuous exposure te ethyl alcohel in high con-
centration. :

if the skin is exposed to ethyl alcohol repeatedly or over a

prolonged period, ethyl alcohol will be absorbed through the skin and
cause toxicity.
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Appendix Table 2 Ethyl. Alcohol Standards of Various Countires

Japan Monbpbly Ethyl Alcohol Staﬁdards_

Indicated

Typas 6 Honoply. Alcéhol

' A fate a . ist lydraty
tans Anhydrate Anhydrate tlydvats Hydrats ¢
roat ¥ Unte 1at'Chacs Compounded | Spocial Class Class - Cospounded
: S ‘Clags S K | Class
Properties ' Coloi."lea-s... teans- Colokless; trang-  Colorluis; €rans- '_cnldyl_é#!".' trﬁm'_s"-l' Colorleda, trans-
parent, frae of - pavent And con  -parent, free af - parant; free ot - - parznt, contaln-
floatlng matters  tains na floating ¢loating matcars floating matlars - ing no floating
and noxious odor matters and noxiouk.odor  and noxicus odor - mattaxs -
Ethyt Alcohol . vol. 99,54 or wore $9,5% or moro 95,08 of wore " 95,0% or wore 95,0V or ROro
Content . : :
Rasidua on ng/l00mt 2.5 or'lass - 2.5 or Less 2.0 or less 2.5 or iess 2.5 ox less
Evaporation ’ :
Fraa Acid ey 0,002 or less 0.003 or less 0.002 or less . 0.002 or less 0.005 or less
as atetic .
acld
Mdehydu. n.g/'mdal 0,5% or lass 1 or less Trace or ldss i)_.S or lalsr 1 or less
’ ag acatal- ’
dehyde
Methy! Algohol ny/l } or less 1.5 or losa Not desectsd . - 1 or less ' 1.% or lass
Cantant . : .
Diacetyl Patacead Mot detected - Hot dotectad ot detected -
or not
Fussl O11 Wb © 0,004 or isss - Wot datected 0.00? or ipss —
organic Ko fading from Ko fading frem Ho fading from He' tading froe No fading frea
Iopurities srandard color standard colez standard color standard coter etandazrd coler
within 4 Bin, within 4 ain, within 9 min, within § wsin, within 4 ain,
$ubstances Colored Detagted tot detacted Hot detected Hot detectsd Not detected ot datected
by Sulfuric held or not . . o :
Heavy Metals Dotacted ot datectead Hot detected Mot detscted Hot detacked Hot datectsd
or not o
Chloklidas Dotected Hot detested fiot. detectsd Not detacied Hot detected Hot detected
or not -
Sulfates Dategted Hot detecked - Kot detected Hot detected --
oz ot
Substances Colorsd Detactad Hot detsctad Hot detactod Hot datectsd Hot detected Hot dstecred
by Socdium Hydroxide or not '

Benxina

Lens than stan-
dard solution
color

Lass than sian-
dard solucfon
color

Triulcohols_o!
© ¥aton-isopropyl
Alechol Derivative

Less than stan-
dard solution
calor

© Lows than stan-

dard solution
color .

Ether

Ho ethexr odor

Note: For

method of analysis, refer to
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Appendix Table 2 - {cont'd.)

Monopoly Alcohol $tandards of Federal Republic of Germany

DU Denatured. Ethyl Denatured'Anhydroﬁs
'Class Alcohol for Ethyl Alcochol for
. Special Use Special Use
No. - ' : 450 ' 520
Appearance - Colorless and Colorless and
R transparent transparent
Aroma -and taste - . No noxicus odor No noxious odor
Ethyl.alcoholVCOntent 94.4 99.6
lwt. %) '
?otassium permanganate 8 min. or more 8 min. or more
test
Aldehydefcontént \
{(mg/100 mi) as . .
acetaldehyde . 6.0 or less 6.0 or less
Fusel oil content
(mg/100 mL)
Acid content - o 1.0 or less 1.0 or less
{mg/100 m%) ’
{as acetic acid)
Methyl alcohol content 250 or less 10 or less
{mg/100 m4) -
Volatile base content . 0.2 or less 0.2 or less
(mg/100 mg) ’
Evaporation residue _ 2.0 or less 2.0 or less
{mg/100 mi)
Benzen content . Not detected 0.2 or less

{mg/100 mﬂ)

Source: Die Brammtweinﬁirtschaft, 110, 406 (1970)
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Appendix Table 2 (cont'd.)

$pecial Grade Ethyl Alcohol Standaxds of French Alcohol Monopoly

Alcohol percentage (15°C) - 96°GL (96 vol. % or more)

Free acid (as acetic acid): 1.8 g or less in anhydrate 100
Aldehyde (aéetalaéhyde): S 1 g or less in anhydrate 100 %
Fsters (as ethyl aéetate):_ & g or less in anhydrate 100 %

Impurities;(excludiﬁg methyl
alcohol): - o 9 g or less in anhydrate 100 %

Meth&l alcohols - ' _ Hot detected

Higﬁer_alcohol (fusel o0il): "

Fuffurai: ' | . "

Sﬁlfiﬁesﬁ_:"' . "

Othex prqbeitieé: Colbrless and transparent, and the

transparency remains even when
diluted with distilled water.

Note:  The tests have been made under the analytical methods
prescribed by the French Alcohol Bureau as official methods.

Source: Data'arising from ‘the Alcohol Specialists’ Conference
sponsored by OECD Development Center in 1977,
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Appendix Table 2 (cont'd.)

Industrial Ethyl Alcohol Standards - of India

SL
No.

(1)
i)
ii)
iii)
iv)
)
vi}

vii)

viii)

ix)
x}

xi)

xii)

xiii)

®iv)

xv)

Requivements for Absolute Alcohol

Characteristic

(2)
Specific gravity at 15.6°/
15.6°C, Max .

Ethanql content,'percent
by volume at.15.6°C, Min

Miscibility with water
Alkalinity

Rcidity (as acetic acid),
percent by weight, Max

Residue on evaporation,

| percent by weight, Max

Aldehyde content (as
CHSCHO)[ g/100 mL, Max

Ester content {as

- CH,CO0C H), g/100 mi; Max

3 2

Copper {as éu), g/lOD my%, Max

Lead {as Pb), ¢/100 m#, Max

Methyl alcohol content

Fusel oil content

Ketones, isbpropyl alcohol
and tertiary butyl alcohol

Total sulphur and com-~
pounds of sulphur {as S),
percent by weight, Max

Sulphur dioxide {(as 804) ,

percent by weight, Max-
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Requiremeht for; ._

Speical
Grade

(3)

0.796 1

99.50

Miscible

Nil
0.006
0.005

0.10

0.02

0.000 05

- Grade 1

“ay
0.796 1
99,50

Miscdible

Nil

0.006

- 0.005

0.006 -

0.000 4.
0.000°1

To satisfy
the require-
ment of the
test

To satisfy
the require-
ment of the
test

do

Grade 2

99,50

Miscible

Nil
0,006

0.005 -

Q.10



Appendix Table 3-1 . Detaills of Results of Cosgt Calculation

by Raw Material

Ethyl Alcohol Production Cost

Plant capacity:

_ 3 120 kg /day
Purity: 99.5 vol %
No, of operation days: 300 days/vear
Raw Material: Molasses
Use: : Fuel
Cost Ttem ~ “Unit Price Volume US$/kL
Raw Material Cost $74/MT 3.5 MT/kL 259

@ Dtilities Costs

41 E

4 Power #8.5/kwh 64 kWh/k% 5

m Fuel #£28/10° kcal 240 x lO4 kcal/ke 67

— .

{d’ Water #20/MT 8 MT/k% 2

apd .

52 7 ’

g_ Chemical Cost 2
Subtotal 335
Labor Cost $2,000/y/man X 60 men = $120,000/y
Maintenance Cost 9.8 x $106 x 0.03 = $294,000/y

g Tax and Insurance 9.8 % $106° x 0.02 = $196,000/X

o S ' 6

& | Depreciation Cost 9.8 x 510" % 0.9 » 1/12 = $735,00G/y

o) .. ) . i

g

® | profit 9.8 x $20° x 0.1 = $980,000/y

By S . :

Management Cost Labor cost x 80% = $96,000/y
Subtotal 67
- Total 402
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Appendix Table 3-2

Ethyl Alcohdl Production Cost

120 ke/day

plant capacity: :
‘Purity: . 99.5 vol %
No. of operation days: 300_days/year_r
Raw Material: - Molasses .
Use: .Industrial
Cost Item unit Price Volume US$/kL
Raw Material Cost $74/MT 3.5 MT/kR 259
B ‘Utilities Costs . _
§ Power ¢8.5/kWh 64 kWh/kf 5
. _ 4 . .
o Fuel ¢28/104 kcal 240 x 10 kecal/ke 67
ﬁ Water #20/MT 8 MT/k{ ' 2
¥ . i
2 | Chemical Cost 2
Subtotal 335
Labor Cost $2,000/y/man x 80 men = $160,000/y
Maintenance Cost 11:0 x $10° x 0.03 =  $330,000/y
g | Tax and Insurance 11.0 x $10° x 0,02 =  $220,000/y
0 : " _ : ' _ -
8 | Depreciation Cost 11.0 % $106 x 0.9 x 1/12 = = $825,000/y
T : .
. 6 . N
‘g Profit 11.0 x $10° x 0.1 = $1,100,000/y
Managenment Cost Labor cost x 80% =  $128,000/y
Subtotal 17
Total 412
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Appendix Table:343

Ethyl Alcohol Production Cost

‘Plant capacity: 120 k¢/day
Purity: 99.5 vol %
No. of operation days: 300 days/vear
Raw Material: ' Sugar cane
Use: _ Fuel
Cost: Ttem ™ *  Unit Price . Volume Uss/ke
Raw Material Cost = $22/MT 15 MT/KS 310
g | vtilities Costs
o
Power ' - - 0

8 :'-(.) _ '

v Fuel = : : - ' —_— 0

ﬁ Watér - #£20/MT 10 MT/k% 2

1 . .

g Chemical Cost _ 2
Subtotal ' 334
Labor Cost ‘ $2,000/y/man x 60 men =  $120,000/y
e o 6 S -
Maintenance Cost ' 14.3 x $10 x 0.03 = $429,000/y
A 6

§ Tax and Insurance 14.3 x $10° x 0.02 = $286,000/y

o | S

z Depreciation Cost = 14.3 x $106 x 0.9 x 1712 = $1,073,000/y

5 e
i co 6

E profit - . 14.3 x $10° x 0.1 = $1,430,000/y
'MaﬁaQementhost - Labor cost x 80% = $96,000/y
Subtotal - 25

' Totai' 429

[31-127



Appendix Table 3-4

Ethyl Alcohol Production Cost

Plant_cépacity:
"Purity:
No. of operation days:

120 k&/day

99.5 vol' %

300 days/year

Raw Material: Casgsava
Use: Fuel
Cost Item Unit Price _ Volume - Uss/kk
Raw Material Cost 532/M7 6.5 MT/k% .203
a Utilities Costs
§ Power #8.5/xWh 107 kiWh/k2 9
4

9 Fuel ¢28/104 keal 400 x 10" kecal/kL 112

'ﬁ Water #20/MT 10 MT/k& 2

3y o

g Chemical Cost .18
Subtotal . 349
Labor Cost $2,000/y/man x 60 men = $120,000/y
Maintenance Cost 11.5 x $10° x 0.03 =  $345,000/y

§ Tax and Insurance 11.5 x $106' x 0.02 = _$230,000/y

Q. . ' - . _

©'| pepreciation Cost  11.5 x $10° x 0.9 x 1712 = = $863,000/y

9 ' .

P .

o Profit 11.5 x $106 x 0.1 = $1,150,000/y
Mangement Cost . Labor cost x 80% = $96,000/y .
Subtotal 78

Total 427
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- Appendix Table 3-5

Ehtyl Alcohol Production Cost

p1

ant_capacity:

] 120 kt/day
Purity: : 99.5 vol %
No. 'of operation days: 330 days/year
Raw Material: Ethylene
Use: Industrial
Cost_ltem : Unit Price Volume Uss$/ki
.Raw Material Cost $680/MT 0.48 MT/k% 326
' 3' Utilities Costs 7
§ ' Power - #85/%xWh 82 xWh/kk 7
: ' 4 :
° Fuel £28/10° kcal 75 x 104 kcal/kg 21
4| water #20,/MT 85 MI/kL 17
b
g 'Chemi_cal Cost 40
{(incl. steam)
‘Subtotal 411
Labor Cost $2,000/y/man x 60 men = $120,000/y
Mainﬁenance Cost 17.8 x 5106 ¥ 0,03 = $534}000/y
o 6
§ Tax and Insurance 17.8 x $10° x 0.02 =  $356,000/y
0 .
z Depreciation Cost 17.8 x $106 x 0.9 x 1/12 = $1,335,000/y
@ N
_E Profit 17.8 x $10° x 0.1 = $1,780,000/y
Management Cost Labor cost x 80% = 596,000/y
Subtotal - 107
Total 518
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Appendix Table 4

present gituation of Ethyl Alcohol

Chemical Industry in Brazil

Plant
Product - - - Remarks
Company Capacity MT/y Process Use
Ethylene UNTON CARBIDE DO 23,000 v.c.c. “LoPE Operation 1958-69
BRAZIIL S.A. . )
INDUSTRIAS QUIMICAS 10,000 SCIENTIFIC HDPE Operation started 1962
ELETRQ CLORO S.A. DESIGR T
COMPANHIA BRAZILEI- 4,000 KOPPERS Ethyl bonzene Operation 1959-70, closed
Rh DE ESTIRENC 5.A. (styrane) 1978 - L
SALGEME INDUSTRIAS 60,000 PETROBRAS Ethylens Onstream scheduled for
QUIMICAS S5.A. CENPES dichloride 1981
COMPANHIA PERNAM- 30,000 COPERBO Vvinyl Modification of oxisting
BUCANA DE BORRAC- acetate butadiene plant, onstream
HA SINTETICACOPERBO scheduled for 1982
Acetaldehyde PHODIA INDUSTRIAS 40,0090 PHONE Acetic acid, In operation
QUIMICAS E TEXTEIS POULENC sokvents
S.A. .
HOECHST [O BRAZIL 4,200 HOECHST acetic acid, In operation
QUIMICAS E FARMAC salvents
S.A.
USINA VICTOR SENCE 360 MELLE Acetic acid, In operation
5.4, solvents
COMPANHIA PERMAM- 50,000 v.C.C. Acetic acid, Cperation 1865-1971,
BUCANA DE BORRA- vinyl, now resuced
CHA SINTETICACO- acetate
PERBO )
Octyl EREXETROZ DO NE THD. 3,300 MELLE Plasticizer Now in operation . being
aleohol QUIMICA 3.A, expanded to 16,500 MT/y
EREXETROZ DO HE IND.- 150 MELLE Solvents, By=product of octanGl pro-
QUIMICA S.A. plasticizer duction, being expanded to
. 750 MT/y
Butyl RHODIA IHDUSTRIAS 4,800 MELLE solvents In operation
alcohol QUIMICAS E FARMAC
S.A. _
HOECHST DO BRAZIL 1,530 HOECHST Solvents in operation
QUIMICA E FARMAC
S.A.
Butadiene COMPANHIA PERNAM- 33,000 u.c.c. Polybutadiene Operation 1965-1971,
_BUCANQ DE BORRA~ There is plan to expand
CHA SINTETICA- plant for ethylens produc-
COPERBO tion
Ethyl eth?t RHODIA INE"US'I“RIAS 1,400 PHONE Chemicals, In operation,
QUIMICAS E TEXTEIS POULENC medicines Thore is plan for expansiorn
E.h. . and renovation of aquipment
IBMEL-IND, BE MATE- 480 Explosives in operation

RIAL BELICA DO
EXERCITD
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Appendix Table 4 (cont'd.)

R

Plant
product - T Remarks
Company : ) Capacity WI/Y Process Use :

gthylene 'OXITENO S.A, TNDUST- 1;300 HALCON Acetate ‘Operation started 1973
quCOl, RIA E CQMERCIO ] solvenks
Manoalkhyl
ether
piethylens  OXYPENO S.A. THOUST- 1,200 © HALCON Acetate Operation started 1973
glycol, " RIA B COMERCIO solvents
sonoethyl :
ather
Ethyl COMPANHIA BRASI- 60 CRE Catalyst for In operaticn {pilot plant}
chloride LEIRA DE ESTIRENO production of

S.A. ) i ethyl benzene

Source: UNIDO sponsbred "Joint. Study Meeting on Use of Fermentation
Alcohol as Fuel and Basic Raw Material in Chemical Industry
in Developing Countries,™ Material Vol. IT, Alcohol Council
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Appendix Table 5 Present Situation'df Ethyl Alcohol
Chemical Industry in India

Ethyl Alcohol Base Chemical Products

_ . No. of TInstalled . Production  Rate of
Product _ Plant Capacity in 1976 ~ Operation
(MT) (M) - (%)

Acetic Acid 9 29,220 24,984 85.5
Acetic Anhydride 5 11,770 5,700 48, 4
Butyl Acetate 4 8,730 3,781 43.3
Ethyl Aceta£e _ _ 8 6,390 4,915 76.9
Honochloroacetic Acid 4 6,900 3,652 © 52.9
Pentaerythritol 2 1,800 298 16.5
DDT 2 4,200 4,527 107.8
Styrene ' 3 33,000.' 21,b6l 63.8
Polyethylene 1 13,000 13,000 iO0.0
" Acetone 1 1,500 30 2.0
Butyl Alcohol 3 8,250 3,522 : 42.6
Butadiene - 1 25,200 10,462. 41.5

Source: UNIDO sponsored "Joint Study of Alecheol”, Material Vel. I,
Alcohol Council
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Appendix Table 6 Ethylene Production Cost

© Plant capacity:
Product purity:

60,000 MT/vear
99.95% in polvmer grade

Unit Price

* %

ethyl alcohol, as follows:
$416/k2 + 0.8 = $520/M7

in case Qf,Braéil, material cost $279/kR % 0.8 = $349/MT was
used, and results of calculation were indicated with figures

in parentheses.

‘assumed the same.

(3]1-133

Except for material cost, all costs were

Cost Item Volume uss/t
Raw Material Cost $520,/MT* 1.75 MT/MT 910
{($349/MT) #% {611
Utilities Costs
ﬂ Power #8.5/kWh 235 kWh/mMT 20
0] . . 4
S Fuel #£28/10° kcal 36 x 107 kcal/MT 10
%1 water #20/MT 180 MT/MT 36
ﬁ Steam $12,/MT 1.08 MT/MT 13
Y
o
> | catalyst and 2
Chemicals '
Subtotal 991
Labor Cost $2,000/y/man x 40 men = $80,000/y
Maintenance Cost 8.0 x $10° x 0.03 = $240,000/y
4 | Tax and Insurance 8.0 x $20° x 0.02 = $160,000/y
n
Q-
U | pepreciation Cost 8.0 x $106 x 0.9 x 1/12 = $600,000/y
DU N
[ .
2| profit 8.0 x $10° x 0.1 = $800,000/y
[14 .
Maﬁagemént Cost Labor cost x 80% = $64,000/y
Subtotal 32
Total 1,023
724)
* Material cost was obtained from average cost of fermentation




appendix Table 7

State Gasoline and Gasohol Tax Rates*.

(¢/géllon)

Gasoline Gasohol R
State Tax Tax with Remarks
Exemption
Alabama 11.0 8.0. Alcohol nust be produced in
T Alabama from locally grown
agxlcultural commodities.

Alaska 8.0 0.0 B o

hrkansas 9.5 0.0 Alcohol must be produced in
Arkansas from locally grown
agricultural commodities.

california 7.0 3.0 "~ Exemption to be reduced to #3
per gallon in 1983 and elimi~
nated on January 1, 1984,

Colorado 9.0 4,0 Alcochol must be produced in
Colorado.

Connecticut 11.0 10.0 -

Florida 8.0 3.0 Gasohol exemption is to be
reduced to ¢4 per gallon in
1983, #2 per gallon in 1985
and eliminated in 1987.

Idaho 11.5 7.5 Alecohol must be produced in
Idaho. '

Iowa 13,0 6.0 Gasohol tax was raised to g8 per
gallon on May.-1, 1982 and will
be raised to ¢10 per gallon on
July ‘1, 1983; thereafter it
will be raised by #1 per gallon
annually until the tax 1s
exualized with gasoline,

Kansas 8.0 5.0 Gaschol exemption is scheduled
to decrease by £1 per gallon
until it is phased out in 1985,

Louisiana 8.0 0.0 Alcohol must be produced in
Louisiana.

Michigan 11,0 6.0 Gasohol tax will be ralsed to ¢8

per gallon in 1983, #9 per
gallon in 1984 and phased out
in 1985,
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Appendix Table 7 (cont'd.)

(#/gallon)
- Gasoline Gasohol ;
State : Tax Tax with ‘Remarks
Exemption
Minnesota ~13.0 9.0 _ _
Montana - - - - 2.0 2.0 Gasohol. exemption to be reduced
: ' by ‘#2 per gallon in 1985 and
1987, and phased out in 1989,
Alcochol must be produced in
Montana. '
Nebraska 13.9 - B.9 aAlcohol must be produced in
. : : . Nebraska.
Nevada . 10.5 9.5 _ :
New Hampshire 14.0 9.0 Alcohol must be produced in

New Hampshire from locally
grown agricultural commodities.

New Mexico 9.0 0.0 Alcohol must be produced in
New Mexico.
North Carclina 12.0 9.0 Gasohol exemption will be

‘reduced by #1 per gallon each
year until it is phased out in

1985,

North Dakota 8.0 4.0 |

"Oklahoma 6.5 0.0 #£0.08 per gallon is collected
on both fuels for inspection
fees.

South Carolina 13.0 6.0 Gasohol tax will be raised to
#7 per gallon in 1986 and again
in 1987 to equal gasoline tax.

South Dakota 13.0 9.0 :

Texas 5.0 0.0 Beginning in 1987, gaschol tax

' will be raised by €1 per gallon
annually until it is egual to
the gasoline tax.

Utah 11.0 6.0

Virginia 11.0 3.0 Alcchol must be produced in
Virginia from local raw mate-
rials; gasohol tax exemption
will be phased out in 1990,

Washington 13.5 10.8

Wyoming 8.0 4.0
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Appendix Table 7 (éopt‘d.)

* Does not 1nclude 1ncent1ves not Lelated to qasollne Lax
offered by the following states:

Hawaii ~ gasohol exempt from 4% state excite tax 1mposed
on gross proceeds of Letall sales

Illinois - gasohol exempt from B0% of the states 5% sales
tax; this exemption will be lowered to 60% on July 1, 1982
followed by additional 20% annual reductions until it is
phased out in 1985,

Indiana - gasohol exempt from 4% sales tax.
Chio ~ dealers are refunded #£35 per gallon of qualified

fuel (ethanol or methanol) that is reported as having
been blended with unleaded gasoline.

Source: (A) Highway Taxes and. Fees, 1982, U.S, Department'of
Transportation, Federal Righway Administration.

(B) Alcohol and Biomass Fuels Project Directory, Pasha
Publications, Arlington, Virginia, 1982, pp. 7-35.
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{4-11 NATURAL RUBRER

A. OUTLINE

The most common species of natural rubber tree is Hevea brasilien-
sis, the original habitat of which is the Amazon basin. In the latter
half of the nineteenth century, seeds of Hevea brasiliensis Mueli were
transported to Southeast Asia, and the cultivation of these trees has
grown by leaps and bounds due to the hot and humid climate and the fer-
tile soil of the area.

The three major producing countries of natural rubber at present
are Malay31a, ‘Inderesia and’ Thalland,_and thelr total productlon
accounts for 80% of worldwide production. MNatural rubber is also being
produced in ASLan countrles siich as India, Sri Lanka and Vietnam, and
also in Afrlca.

It has been said that the area Suitablé_for the cultivation of
rubber trees is limited to the zone located between 15 degrees north and
south latitudes, however improvements in cultivation techniques and
other developments have enabled Hainan Island of China to also succeed
in their cultivation,

I. Types and Grades of Natural Rubber

Natural rubber is roughly classified into two types. The conven-
tional type and the technically spe01f1ed type. In addition, the
former is classified into sheets (the major type comprising RSS-Ribbed
Smoked Sheets = with the subOLdinate type being Air Dried Sheets) and
Crepes. These cla381flcat10ns depend on dlfferenceb in grading
methods, manufacturing methods and raw materials, but can be summa-
rized as shown in the following Table.

{4]-1



e,

Raw:

'ProeeSQing _Drying " materials " Product
- Conventional . -Visual' N
grades: inspection _ o o
RS Sheeting Smoking. Field latex  RSS 1-5
‘ADS Sheeting. Natural Field'latex ADS
Crepes Milling Natural :Fieldflatex, White crepe,
' " cup-lump Pale drepe,
and others  Brown crepe
and othersg
Technically Technical Cracking Hot air Field latex, OV, L, Lv,
-specified -inspection . : cup-lump 5, 10, 20,
grades - : . ‘and ‘others - -:50

There Are’ flve grades for RSS, from RSS l to RSS 5, and some 30
' grades for Crepes.r

The technlcally specxfled type 15 known as Technlcally Spec1f1ed
The fxrst grade is SHMR (Standard Malaysian Rubber),

Rubbeér (TQR).
whlch was 1ntroduced on' the market by Malay31a 1n 1965,
" set; TSR was marketed ‘in grades of 5L,

5CV,

At the out~
5, lO 20 and 50 ‘but new

grades have been subsequently developed one after another, due to
users"requlrements for improvements in product features and proces-

Slng condltlons,

and research efforts made by producers.

7' - In addltlon, gradlngs of RSS Crepes and TSR are malnly baqed on
the follow1ng criteria:

1. RSS

2. Crepes:

3. TSR

Foreign matter and color

Raw materials,
Foreign matter,

color

vigcosity,

foreign matter and color _
vulcanization properties and

The 1nternat10nal criteria for gradlng natural rubber are defined
in the Intérnational . Standards for Quality and Packlng for Grades of

Natural Rubber,. commonly known -as the "Green Book",

-which ‘has ‘been

prepared by the” Internat10na1 RUbber Quality and Packlng Conference-
'Accordlng to Lhese crlterla, natural rubber is classxfled into 3;

" standard grades.

These classificatlons are however, appllcable only

to the conventional type, whlle TSR gradlng depends on the standards
of each producing country.
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I1. Methods of Manufacturing Natural Rubber

_ As described above, although natural rubber falls broadly into
_three groups; RS8, Crepes and TSR,. the initial raw material for all of
them is field latex obtained from rubber trees. Latex can be obtained
from rubber trees aged six to seven years after planting, and can be
gathered over a period of 25 to 30 years thereafter on an average.
The Dry. Rubber Content: (DRC) of field latex is approximately 30 to
40%.. Latex is gathered by tapping, in which a thin slice of bark isg
cut from the rubber tree to extract the sap, which is then collected
ina cup attached to the tree. The contents of these cups are then
poured into large containers whlch are subsequently transported to a’
depot; from where the latex is transported to the next processing
facility.

Raw materials other than latex are cuplump and tree lace which
are - commonly regardéd as scrap. Cuplump is coagulated latex which has
remained in the bottom of a cup or which has been left without being
collected. Tree lace is coagulated latex covering the tapping cuts on
the tree. o '

The methods for manufacturing each of the various kinds of
- natural rubber from these raw materials are described below.

1. RSS

RSS is produced from'latéx, and the process consists broadly of
three treatment processes: coagulation, sheeting and smoking.

| Field Latexl

{Filtration) The latex is filtered through wire nets
(about 60 mesh) to remove foreign materials
such as small pieces of wood, soil, and so on.

(Dilution) The latex is diluted with water to control
DRC.
“(Coagulation) Using acid {formic or acetic acid are the
D most suitable). This process reguires 10 to
: | 20 hours.
Coagulum

-{Sheeting) The. coagulum is passed through ribbed rollers
. : ' produce sheets.
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{prying in shade)

(soking) . -

Smoked“SﬁGEtS
{RS3) .

.(Séléction)
(Baiiﬁgr'
{Weighing)
. (Pfessing)
(Bale ébatihg)

{Marking). .

.'Unsmoked_sheets
{Uss) - -

[Finished Prodﬁc£[

Note:

At about 70°C f01 three to seven days. -
(Thlcker sheets requlxe a 1onger period }

By visual inspection

1o prevent adhesion between bales and for
markinq {use of caleium carbonate and tale)

Estates perform all of the processes shown above contlnu-

ougly, while smallholdexrs carry out the processes up. to
the USS stage, with packers performxng the - remalning proces~
ses, ‘in which case water-washing ig required prior to .

smoK ing.

2. Crepes

(Paie'Crepes,_Pale
Crepes, ate.)

fFieId'Latex

' (Miiling)

{Natural Drying)-

{Baling)

(Brown. Crepes)

Scra

. {Immersion in water)

(Wéterfwashiﬁg ahd
Milling)

ﬁNatural-Drying)

(Baling)

[4)-4

passed between rollers

‘about ten times while

washing with water.

At room. tempsrature,
for 3 to 4 weeks,
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