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{3}  ETHYL ALCOHOL

" A. GBNERAL DESCRIPTION

1. Historical Bacquound'of Ethyl Alcohol Production

~_Ethyl alcohol has many useful propertles, such as intoxicating,
dissolving,’ reactlng, germ101dal and combustlble properties. And
these propertles havée been made use of since early days for applica-
tion in alcohollc beverages, medicinals, industrial uses and as fuel,
Ethyl alcohol has been produced in various countries of the world,
since it can be made comparatlvely ea31ly from agricultural products.
The latest United Natlons statistics list 43 alcohol producing
countries

While ethyl alcohol 1s such a’ popular substance, it has been
treated as an object of government involvement in most countries, as a
source of tax revenue when used in alcoholic beverages and as an
energy ‘source to secure handy liquid fuel which is domestically
plOdUClble :

f,Production"of éthyl alcohol was commenced with the fermentation
process using farm products or saccharine and starchy substances,
which arxe by-products of farming, as raw materials. Alcohol produc-
tion has greatly been boosted between 1920 and around 1940 in various
countries of the world for industrial and fuel uses from the need for
national defense or for promotion of agriculture. As a result,
outputs of ethyl alcohol. rapidly expanded. ' :

However, ethyl alcahol as fuel has practlcally been 1gnored after
1945, when international oil supplies became plentiful and 011 prlces
remained low.

With :egard-to alcohol for industrial application, it began to be
produced largely in the developed countries, when the synthesis of
alcohol using ethylene as raw material was industrialized between 1930
and 1948. And on account of the raw material supply situation ang
agricultural policies followed in the respective countries, the use of
both the synthe31q and fermentatlon processes has contlnued to this
day.

i31-1



wid such a situation, and ethyl’
tion method was limelighted
. attention for industrial

The 1973 ol) crisis took place a
alcohol production under the fermenta
again, and alcohol.again began to attract &
application and as fuel, |

Ethyl alcohol productioh technology have also_beeh spptlig?ted_at
every encounter with oil crisis in recent years, an@_as production of
alcohel for industrial. use and for fuel increased, ethyl.alqohol
production technology élso-achieVedVPrbgress. Furthey tgchnologieal
development efforts are also being wade.

i1, Propefties of Ethyl‘Alcohol

More important physical and chemical prqperties_of ethyl‘alcohol
are shown in Table A~1 in comparison to thosg,of_methyl‘alcohbl,_:[l
gasoline, diesel oil and fuel oil. Data in this table are guoted from
those by the American Petroleum Iinstitute (API). For more detailed

physical, chemical and pharmacological properties refer to Appendix
Table 1, ' : C

I1I. Uses of Ethyl Alcchol

As stated above, ethyl alcohdl has many highly useful properties,
which make it usable for a large variety of purposes. As detalls of use
will be presented in subsection C-1 later, the historical development of
uses will be briefly introduced here. ' ' '

1t is said that man has'a1ready known how to brew alcoholic
‘drinks by the time he learned'tq leave records in writing. Ethyl
alcohol, as a consequence, was first used for drinking purposes.’  And
after distilled alcoholic beverages made from-the drinking 1iquer
became available, alccohol came to be valued as a substance for
medicinal use.  With further progress made in the distillation tech-
nology, dehydrated ethyl alcohol became available, and this reportedly
began to be used as fuel and solvent for.perfﬁma-refining. Meahwhilé,
use of ethyl alcohol in food and beverage and for hygienic purposes
also expanded. And with rise of the chemical industry, use of alcohol
as solvent, auxiliary agent and raw material commenced. Around 1910,
20,000 to 100,000 k1 of ethyl alcohol was being used for industrial
purposes in the leading countries of Europe and America,

After World War 1, since 1920 in particular, the demand for fuel

apd_industrial use ethyl alcohol expanded, From 1950 towards the
first half of the 1960s, ethyl alcohol-based chemical industry using

(31-2
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as raw material began to develop mainly in Blale and

ethyl aleohol
hylene and ethyl-

india, and commercial productlon of ethylene, polyet
benzens comuenced.

In parallel with the above development manufactuxe of synthetlcr
chemical products based on petrochemical ProCesses commenced in the
United States from the 19405, And in 1948, - productlon of synthetlc
ethyl alcohol undeér direct hydration of ethylene: commenced, ‘and by the
latter half of the 1860s the ethyl alcohol-based chemical Jndustry ‘
using fermented ethyl alcohol as raw material has lost competitiveness

in the international warket.

In the fuel ethyl alcohol sector, on the other hand, use of ethyl
alcohol as fuel almost ceased since 1945 ag lOW*COSt stable il
supplies became available. :

The oil crisis in 1973 amld such a situation and the repeated
price hikes in the subsequent years forced the countries of the world
to reassess their energy policies, and since ethyl alcohol made undexr.
the fermentation process uses biomass as raw material, it has lately
been attracting attention not only as an energy source but also as raw
material for chemical preducts. ' ' o

As described in the foregolng, uses of ethyl alcohol can be
broadly classified into three main categorles, namely, for beverage,
as industrial material and for fuel. However, use of alcohol as
beverage has been excluded from this report because of the aims of
this Study. Uses of ethyl aleohol for industrial purposes and as fuel
only have been taken up.

{31-4



B. PRODUCTION

1. product Specificatidn

1. Purity of Product

. “In’the specification applicable to ethyl alcohol, the specifi-
cation for product purity is applicable both to industrial and fuel
ethyl alcohol. Por instance, the two types of ethyl aicohol include
the hydrous ethyl alcohol with alcohol content of 94 to 95% hy
volume and the~anhydrousxethyl alcohol with alcohol content of 99.4
to 99.6% by volume. However, some countries do not produce anhy-
drous alcohol. '

. 2. Other Items of Specification

The industrial ethyl alcohol specifications of developed
countries include, as other items specified, specific gravity,
evaporation residue, free acid (as acetic acid) content, methyl
alcohol content and the fusel oil content.

For veference, the industrial ethyl alcohol standard in selected
countries are given in Appendix Table 2.

Meanwhile, specifications for fuel alcohol have not yet been
~established except for product purity:and organic acid coritent., As
‘ethyl alcohol for fuel is normally produced with top priority given to
cost reduction, use of fuel ethyl ‘alcohol for industrial purposes like
making cosmetics may require further refining to a certain extent.

II. Raw Materials

1. Raw Material Production and Regional Distribution
There are two manufactufing processes of ethyl alcohol. One is

fermentation process and the other is synthesis process, each using
raw material widely different from the other.

[3)-5



of obtaining alcchol from
And as the starchy and
the raw

The fermentation process consists
fermentable sugars through  fermentation.
fibrous substances are fermented after saccharification,
materials for the fermentation process may be clagsified as

hereunder.

- Saccharine raw materials: Molasses, sugar cane, etc.

- Starchy raw materialss: Grains, potato, sweet potato,
' atc. E -

- Cellulosic raw materials: Lumber, etc.

The synthesis proceés consists of prodgcing alcohol. by causing
chemical reactions between ethylene from the petrochemical plant and

water.

- Synthesis process materials: Ethyiene.{from'petroleum or
: natural gas). . '

While raw materials cited in the foregoing are used extensively
for making industrial ethyl aleohol, the production of fuel ethyl
alcohol is naturally limited to the fermentation process, and the
raw materials used in Brazil largely conSistfof molasses, sugar-.cane
and cassava. On the other hand, corn is the principal material used
in the United States. ' '

In the following the production of principal raw materials and
the regional distribution of such materials will be outlined.

1.1 Saccharine Raw Materials

1.1.1 Mdlasses.

When sugar is manufactured using sugar canes and sugar beets
as raw materials, molasses is obtained as a by product, Asg it
contains 50 to 60% of sugar and is low priced, it is used for a
variety of purposes; it is also used as raw materials for making
both industrial and fuel-use ethyl alcohol. Molasses production
and their regional distribution are given in Table B-1,

[3]-6



Table B-1 Molasses Production of the World

{1,000 MT)
July-June o L o o o
1976 /1977 1977/1978 197871979 1979/1980
EC . . c (3,565) (3, 276) (3,033) (2,995)
. Western Europe . - 5,077 4,638 - 4,380 4,174
. Eastern Burope . _ 4,371 5,227 5,226 4,557
North & Central Amerlca ' 6,743 6,971 . 7,153 6,393
South America 5,452 7,106 . 7,195 7,390
Africa . _ ' 2,087 2,099 2,102 2,197
Asia ' 6,698 6,931 6,676 5,332
Oceania ' o728 746 683 750
" World Total E 31,156 33,718 33,415 30,803
Note - l) Refined molasses 1ncluded.

2) Figures for EC given in () are part of total for Western:
Burope. :

Source: The third estimate by Licht

1.1.2° Sugar cane

‘Sugar cane has originally been used as a raw material for -
making sugar, but they began to attract attention as raw material

-for ethyl alcchol, when ethyl alcohol began to be used in large

‘quantities as fuel. In Brazil sugar cane is already used as a raw

material for fuel ethyl alcohol. . Sugar cane production and

-regional distribution are shown in Table B-2.

In addltlon to sugar cane, saccharlne raw materials include
fruit juice and sweet sorgham,

1.2 Starchy Raw Materials

Any substances with high starch content may serve as raw

‘material, but raw materials for making ethyl alcohol become

limited when the yield, edse of production and economic efficiency
are taken into consideration., Typical materials include corn and
potato, and in Brazil cassava is also used for making fuel ethyl
alecohol.
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Table B-2

Sugar Cane Production of the

World
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Table B-2 (cont‘d;)'
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1.2.1 Corm

ited States as raw material

Large quantities of corn in the Un : ;
“oth Corn production and

for fuel ethyl alcohol is well known. r
regional distribution are shown in Table B-3,

1.2.2 Potato.

potato is cultivated widely in various parts of the world,
In norfhern Europe, potato is an especially impoxrtant root'cropr
and raw material for making ethyl alecohol. Potato production gnd
regional distribution are shown in Table B-4. -

1.2.3' Cassava

Cassava is used'principally as a raw'material for starch, but
lately it is attracting attention as raw material for alcohol. ‘Cassava
production and regional distribution are given in Table B-5.

1.2.4 sSweet potato

It has been used principaily_in Japan as one of the raw o
materials for ethyl alcohol, but only in small guantities lately.
The production and regional distribution are given in Table B~6.

1.3 Cellulosic Raw Materials.

A total of some 30 billion tons of cellulosic are estimated
to be produced annually in the world. .It is the largest repro-
ducible resource on the earth. Today alcohol is produced by acid
saccharification in some countries, but with regard to production
of alcohol by bio-saccharification method, research work on the
preparatory saccharification and fermentation processes with a
view to improving the efficiency therecof is being undertaken.

1.4 Raw Materials for Synthesis Process

Raw materials used for obtaining ethyl alcohol by synthesis
process include natural gas, naphtha and ethylene produced from
associated gas of oil fields. Ethylene is a basic raw material
for the petrochemical industry, since ethyl alcohol and various
other petrochemical products are manufactured from it. Ethylene
production and regional distribution are shown in Table B-7.
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Table B-3 _Corﬁ Production of the World

AREA WARY - - 1060 HA  YIELD ©ORGIHA . PROCUCTION 1009 #t
196971 1979 1980 |- 1981 p1969-TL 19719 . 1980 1981 | 19s9-11 1979 1980 1958t

WORLD - ' L14485 | 135796 | L2BTGA | 1340624 C24TE 336 3080 3370 [ 283030 | A18337 [ 394056 | 45{704
AFRICA - 18549 20019} - 21372°] 22583 F170- 1203 121} 1455 e 24074 27173 | . 32860
ALBERFA . ‘6 1] 2 LR A [ RS N S-1Y) 1009 b i 1l 14
ANGOLA” e 540 5009 600%  LOOF Bbd %00 533 AT AbT ILOF 320F C2%50¢
BEHIN 359 A2% T A2TH 421F © 859 Y a7 817 201 307 LITL IAGF
BOTSHANA 34 L2 L&7 . 504 309 L 19T : 249 100°¢ - I |- z 1z q 154
BUHUNDT 112 \25F i30F L30¢ 10Tl Lo LGoog 1077 120 140F 130¢ 140%
_CAREADON o 309 1. - 545 B4 0r . 540F 115 ] 1aal o 907 926 155 A 11 £90F SO0F
CAPE VERDE L] YOF L 5F 0¥ 431 00 A7 300 | 1 7¥ 3
CENT AFR REP o 62 103 103 . LO0F L. -r1: N 379 409 - A% 34 &t | &OF
GHAD 5 10f S LoF AOF 1943 1500 1400 1500 12 15F 14F 15
~CONGROS - 3 5 kil e (1961 1000 1000 1000 Y 5 5F 113
CONGO: - 8 28 2&F LI B Y ] 8454 423 5558 5 17 iYL 135F
ECYPT 634 191 800 LTkt ATAL-L AN 4033 3782 2370 2938 3z3t 27004
ETHIOPIA 869 100) # 1106% 1100F 1071 1086 1034 1000 0% 10619 T1h4t 1100F
GABQHM - . 3 S 4T o BF 13197 ‘148l § 1500 1667 4 - 8F 9F} . 10F
GAMBLA 1 1of 124 12+ 112 100 | . 1000 1075 4 1o 124 13+
GHANA ’ 3BT ELY] 3454 I50Ff © 1078 1081 ELAT 1200 &iT 140 3190+ 5209
GUINEA: "~ 5% LAl 50F 55F 1153 1150 LLAD ‘L1AS Y] AT 57F, 63F
GUiN BISSAY : 1 -] . 5F, COLSEL T s28 ] 0 Ao $00 80D 2 4F 2, 4F
1VORY COASY 333 584 400 5158 LTTY AT . heT ABA 251 25 280 300F
KENYA Co 1303 La0oF] 1120 L200 [EE-:3 t28s 1579 | . LBTS 2050 [R5 1768 1250
LESOTHD : [ 7 30 R ¥ ¥ 110 110v 651 ‘112 95T Li82 RS | 125 106 1309
LIBYA : 1 o1 3 AR 1234 105% 950 944 R | v 3 \F
KADAGASCAR 121 T 1le 128 126e 1008 1004 994 1000 S22 L) 12t [2ew
HAL AW - 1039 1000 1100F 1100 1026 t260 | 1000 1455 1064 1200% L100F 1400w
MaLl 7R E L SOE - SOF 9OF 858 24k 367 . BBY 87 85 33s BOF
MAURTTANIA | - ¥ “ gH L 9F C10F 580 | . use 571 600 . Y 5H 5F &F
MAURIT 1US . 16} 1984 I} 2EAS 2500 1 1 F
HORgCLD AT4 4186 411 1601 801 56 80%- 250 | 380 3z 333 20
MOTAKBEQUE 363 | 620 500F] 5506 1063 L 483 417 364 384 3007 250F 200F
HAKIBLS - . 63 1106 110F; LOOF 368 e 384 100 23 35F| " AOF 0¥
~HIGER: 3 BT S YT R -1 S Y: I 115 150, 150 2 9 F 9F
RIGERIA 1398 1665F 170K L7HEF, B4 =90} 905 905 121% 1300F 15507 1380F
REUNTOH ’ R ] RER:Y: 3F IFf - 3nes 5500 5385 5900 9 1A% 14F 15F
RYANDA : _ 50 18 TIF 8o 1213 1012 1039 1043 54 83 0F 8SF]
SACG TOME PRN. ’ 1 : 1526 1535 1523 1558 . . 1F \F 1F
SEMEGAL 52 i ¥ 70¥ A9 [T [T T60 1122 &2 45 53¢ 55%
S{ERRA LEDRE ) 19 { . 35 L3 137 LLEY qz3 982 { | IWIT 1¢ 124 135 LAF
SOKALLA - 139 LOGF) L14F L5OF 793 | - 984 374 800 110 104 1| 120F
SQUYH AFRILAS 5290 LODO] 50007, To0hF 31265 1648 1798 2093 6691 8220 L0790 14650
SUDAR 39 01 b1F B 780 . 150 738 Ty 31 A5 &5H SOF
SHALTLARD B 1] 55H n (31 1Y) [11:2) 1360 1482 © 15 1 9 954
TANZANLA : 1005 VipoH (300F 1300F 81y ] . s92 517 51t a1t " 900F 7504 7504
060 (L) L} 5H 120§ 1208 1109 1133 1263 1143 60 159 154 137
UGANGA : 343 " SGOF 258 e [ tizt ) 1109 1315 419 £53 238 . 342
CUPPER VOLTA 92 a8 00F LooF 659 toes 483 Lo00 . b0 . 104 98 100¢]
raime . 595 Y 710¥ TISF k) 2y 127 27 425 509 S16¥ 520F
IAMBIL 992 FGOF] 1 LOOF| 1150F 192 ' o118 127 810 188 1008 BOGF LO0OF
LIKBABYE 914 LT 1148 1350 BLLH 1500 1343 2133 1366 12001 1539 ]  28m0
HCOAMERICA 335710 | - 3ITSIS I94al LYETL 4082 111 4795 5599 | 136352 1 2172300 189227 | 231937
MTIGUA - : . © o riae - 2000 206% 2083 |

BAVANAS 1 1F 1 1F 985 1063 st 1138 1 15 1 LF|
BARBACDS C ‘i 1A - IR i 2614 2500 2500 -2 2F 2F 2F
BELIZE . 9 3 [ 1R I Y 1437 1437 15690 1684 13 15 19 19
CAHADA 430 893 4958 1058 SG78 5533 ssT1 5674 ZHBT 4383 5634 (X483
COSTA RICA 50 50N 50¢, a7 1123 1458 1492 1878 58 Somn 75 s
LusA 100 16F il FIF 353 12580 123% 1234 35 95F 95| 95F
OOKINICA : ’ . 1235 1819 1438 1438 .

HIAIHICAN RP 27 194 ZAW 240 ATL2 L2012 2042 2083 &6 38 49 50
£1, SALVADOR 203 F 2T 292 257 Leto 1896 1806 1382 340 523 527 4374
GREHADA : 1 IF ass | . qo8 1100 978 : 1 15 :
GUADELOUPE ) . ! Lrre 126G 1260 1260 t

GUATERALA : &1 622 Y1y 440 ALLs 1512 1563 1547 151 941 10419 1052
Tt 23 234 2454 250F 1058 194 RIS 120 245 181 175F 180F
HONDURAS FI%] 141 1504 J40r 198 103 | - 992 994 39 154 3374 338
JARALCA 4 L1t - +F 1270 L7& L 1327 1795 4 [ * ¥
HELILO TALZ 5502 4955 also 1218 1477 1780 1812 023 8124 12383 14756
HONTSERR AT . : . L1000 1000 1000 1900

HICARAGUA 260 [£1:1 1974 250% 91z Lrgs pis4 1o 238 14584 2294 230%
PANAML . 1 b4 |. bau 104 ‘859 1Y ] 955 971 1) 63 53 584
FUERTO RILD h 2 o2 . 920 %20 920 2

SAFHT LULTA ) : : 828 100 700§ . EL . .

51 YIMCONT . . 3200 . 3333 313 3235 S 14 1F 1K
TRINIDAD 103 1 iF 1f iH 4153 sist 4167 (311 H 54 54 56,
usk .- : 23129 29300 19535 30200 5164 151 5711 6898 | L2Z649{ 2016%5 | L48T87 | 208314
$OUTH AHER §C 16525 18690 14383 171361 1553 L7al 1857 FEit 25668 290%8 30830 [ 3BADS
ARGENT IHA gAY 2800 2490 3500 2247 NOT| 2510 3957 alh? 8700 8400 13500
BOLIYEA . 21 218 293 190% 1366 1360 1356 1316 290 318 P k! 250
BRAZIL 10021 11319 V14133 1491 1365 144t 181 1834 13680 16306 0374 21096
CHILE 10 130 1l 128, il 3152 3487 4128 17 489 505 518
COLONBTA ) &84 Cee 81y 52% 1251 LYY 1323 139% 856 B1D 513 880
ECUAOUR 312 ik Cozaal F3-1) 67 998 | 1070 1094 239 218 742 2069
FR OGUTANA . 4420 +000 4000 000 , 1 1§ 1F]
CUYARA [ 2d A 3F 1632 1158 1200 1000 SR Fl 34 3H
PARAGUAY 162 353 31 400F) 1245 1550 1551 1500 201 550 585 SO0OF]
PERU ETH) 161 Fi1:) 316 1621 [RF4 i 1944 605 | 62 443 6284
SURTHANE : . 1906 1471 1555 161

LRUEHAY 19% 9t 132 148 832 5. 904 1338) 18} ¥ 119 196

[37-11



Table B~3 (cont'd.)
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Table B-4
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Takle B-5 Cassava production of the World
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Table B-7 Ethylene Production

(million MT)

1970 -

1974

1976

Industrial Committee of OECD.

2y {):

estimates

{3]1-19

1960 © 1965 1973 1975 1980 1985
EC (0.68)  1.87 ~ $.63  9.04  9.75 7.27 9.45
Scandinavia . 0.0l 0.05 - 0.16 0,35 0.42 0.37  0.44 (12.0) (15.3)
Other Buro- -~ . =  0.15 0.25  0.30 0.32 0.38
pean OECD ' :
Member.
Countries _
USA 2.47  4.34 8.3%9 10.13  10.84 9.30° 9.99
Canada - 0.27 ©0.41 0.49 0.43 0,43  0.51 (13.5) (18.0)
Japan S 0.08 . 0.78 3.10 " 4.17 4.18 3.55 3.87 (4.7) (6.1)
Other OECD - - - - - - - - -
Member
© Countries
Subtotal (3.3) (7.3) 17.85 24,45 25,03 21.24 24.64 (30.2) (39.4)
Others - ~ - - - (1..4) - (6.0)  (9.0)
Total - - - - - . (22.8) - (36.2) {48.4)
Note: 1) From the report by the Petrochemical Subcommittee of the



2.

Prices of Raw Materials

2.1 Raw Materials for rermentation Process
'used fo§%ﬁ§k1ng__
ethyl alcohol by the fermentation process consist principally. of

ags stated before, raw materiélé gehéraily

saccharine materials like nolasses and sugar cane and the starchy

‘materials like corn, potato, cassava and sweel: potato. But’ the -

prices at which these materials are made available‘tg the_éﬁhy}
alcohol breweries are not disclosed for the most part, Moreover,
the prices fluctuate widely from region to_region and from year to
year, : . _ 3

according to the survey of the Economic égd;Social-Commission
for Asia and the Pacific undertaken. in 1982 with respect to the
prices of molasses, sugar_dane and_casSaVa,'cdnsiderable dif-

ferences were seen in the raw material prices: in various parts of
the world, as shown in Table B8, '

Table B-8 Cost of Potential Ethyl Alcohol Feedstocks {1982)

(US$/MT)

Molasses Sugaf Cane Cassava
Australia 65 : 24 : © 34 (est.)
India . _ 7 _ 7 - 27
Indonesia 120 - 27
philippines 6,490 ' ' 19 " - 40
Sri Lénka 100 {est.) 30 S
Thailand 76 o3l : 33

Brazil . 12

. These raw materials are all farm products or thelr by-products
having a wide range of applications besides being used for ethyl
alcohol production. Thus it seems. that a big difference in raw
material acquisition cost tends to be generated even within fhe
same country depending on the location of sach alcohol brewery
because of the difference in such factors as: '

{3120



- Mode of raw material procurement (captively operated farm ox
not}

- Competlilon with. prices of the same materlal for other

~ applications

~ Agricultural productivity

- Mode of assembling

- National policy, etc.

In worklng out any . concrete plant locating program, as a
conqoquence, detailed investigations lnto the stable availability
and prices of raw material supplies at each particular location’
‘would be necessary, Incidentally, changes in the prices of
molasses, the most generally used saccharine raw material, between
1948 and 1978 are shown in Fig. B-1., Wide fluctuations are
evident in the figure.

2.2 Raw Mateiials tor the Synthesis Process

. Ethylene is the raw material used for ethyl alcohol
synthesis process. Ethylene, which is the basic raw material for
the petrochemical industry, is produced in Japan and Europe
largely” from naphtha, a fraction of the crude oil. In the United
States it is mostly produced from natural gas. :

Fig. B-2 presents price fluctuations between 1973 and 1980.
It is clear from the figure that the prices of ethylene have
sharply been affected by the scaring in the crude oil price. It
is also evident that the price of ethylene in the United States
where natural gas is used as a raw material for the most part is
lower than that in Japan and Europe.

IIT.  Production Technology

1.  Principal Production Processes

‘Bthyl alcohol preducticn processes are divided into the
fermentation and synthesis methods. The processes by the
fermentation method differ when the types of a raw material differ.
Also, the production processes by the fermentation method differ
somewhat according to the end-uses of ethyl alcohol produced. This
means the process for manufacturing industrial ethyl alcohol differs
_sbmewhat'from that for manufacturing fuel alcohol. BAnd as stated
before, the ethyl alcohol purity is about on the same level for
avery product specifications, standardization of fuel ethyl alcohol
specifications has not made much progress yet excepting the items

_[3]*21
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related to purity and érganic acid content. For fuel ethyl al?dhol,
the general practice is to gimplify the distillation process with a

view to reduce the manufacturing cost as much as possible. Other
\ o much the same way both for

processes, however, are followed i
industrial and fuel ethyl alcohol manufacture.

es will be outlined in the following,
o the generally practiced processes,
hnologies -in particular to

while the leading process
this section will be devoted t
leaving watters connected with hew tec
subsection IIT-3 on technological innovations.

1.1 Fermentation Process - Using Molasses as Raw Material.

As total sugar content of mOlasseé used as raw material

ranges from 50 to 60%, it is diluted with hot water in thg

pre-treatment unit.

Molasses is also diluted with hot water when it is used for
cultivating the yeast. It is then sterilized to becone a
sterilized mash. To this is added some nutrient like ammonium
sulfate, which nourishes the yeast. Then mixing the yeast into

the mash, it is cultivated as the seed at about 33°C.

Cultivated veast is added to the molasses, the raw material,
to cause fermention. This fermented raw material is known as the
mash, whose tQtél sugar content has been diluted to about'23%.
When the temperature is maintained for four days at 31 to 33°C for
ripening, about 12,5% ethyl alcohol is formed by the work of the
yeast. This is known as the broth.

. This broth is refined by the distillation process to obtain
hydrous alcohol of 95% purity. To obtain anhydrous ethyl alcohol
of 99.5% parity, dehydrating distillation process is executed
using dehydrating agents like benzene and cyclohexane. Refer to
Fig. B-3 for the process flow. ' '

1.2 Fermentation Process - Using Sugar Cane as Raw Material

Sugar cane used as raw material is crashed to obtain juice.
Milk of lime is added to the juice during the clarifying process.
When it matures, it is divided into clarified juice and sludge.

To this processed clarified juice are added the nutrient. and
the yeast solution sterilized by means of acid, and the mixture is
allowed to go through fermentation for 15 to 1B hours at a tem-
perature of 34 to 37°C. The ethyl alcohol concentration of the
fermented mash thus obtained is about 8.5 vol %, This mash is
sent to the yeast separator where the yeast is recoﬁered; and
after it is treated with acid, it is used as the.seed'foidthe next
fermentation process. ' o .
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Fig. B-3 Ethyl Alcohol Produétion Process Using
Molasses as Raw Material
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st has been separated is ‘then- .
hydrous ethyl alcohol is obtained.
of 99.5% purity, further
d cyclohexane is gxecuted.

The mash from which the yea
refined by distillation and 95%
For obtaining anhydrous ethyl alcohol
dehydration distilling using benzene-an
Refer to Fig. B-4 for the process flow.

1.3 Ferment
Raw Material

ation Process - Using Cassava and 3weet Potato as

The raw material is washed and crushed. ‘The crushed_material
is sent to'the'cooker.in'the'slﬁrry form. The slurry sent to the
cooker is given liquefying enzyme as additive and is;cqoked while
steam is applied. after this, it is cooled down and partly sent
to the seed tank. Here saccharifying enzyne is added at 55°C
and it is cooled down further. At 33°C yeast is added and the
mixture is cultivated for 24 hours to obtain the seed.

The remainder is transferred to the fermentation tank, where
it is saccharified by adding liguefying and saccharifying enzyme.-
After saccharification, it is ‘cooled down to 33°C, and adding -the
seed vo it, it is allowed to ferment. The treated mash with the
alcohol content of 8.5 vol % is run through the screen filter to

remove the sludge.

The treated mash is refined by means of distillation and 95%
hydrous ethyl alcohol is obtained. Anhydrous ethyl alcohol is
_obtained by putting the hydrous ethyl alcohol through dehydraticn
distillation using some dehydrating agent. See Fig. B-5 for the.
process flow,

1.4 sSynthesis Process Using Ethylene as Raw Material

.The feed ethylene is compressed to 70 kg/cm?®G with a’
compressor and is heated and fed to the reaction column. Water is
added in the reaction column, and the phosphoric acid catalyst is
used to bring about the reaction. The product of reaction is
isolated as gas, while ethylene that had failed to react is sent
to the preliminary stage of the reaction column for recycling.

Crude ethyl alcohel obtained by the reaction process account
from 20 to 25 wt %. This crude ethyl aleohol is fractionally.
distilled at the fractional distilling column and is sent to the
reduction column after fractional distillation.

At the reduction column, the aldehyde content of the crude
ethyl alcohol is reduced under high-pressure hydrogen ﬁsing nickel
catalyst to become ethyl alcohol, which is fed into the refining
column. Finished alcohol of 95% purity is obtained from the-
top of the refining column. As in the case of the fermentation
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ﬁlq B -4 Lthyl Alcohol Productlon Process Us1ng
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tig. B-5
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Fig.'Bw6 ‘Ethyl Alcohol - Production Process Using Ethylene as Raw Material
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process, 99.5% anhydrous alcohol is obatined by dehydration
distillation using benzene .and cyclohexane. .

2, ©Energy Balance

Ever since ethyl alcohol began to be used as fuel, the balance
of the output energy against the input energy (energy balance) has
been attracting attention. The energy pbalance means the ratic
between_thé energy expénded in cultivating raw.materials and
manufacturing ethyl alcohol and the energy inherent .in the ethyl
alcohol produced. NER (net energy ratio) is generally used as the
assessing index. ' :

Calorie put into production Calorie produced inciden-
of 1 ¢ of ethyl alcohol - { tal to production of 1 %
: of ethyl alcohol

Low-level calorie production of 1 & of ethyl alcohol

NER =

Large number of reports on. energy balance involving-various raw
materials, such as those of Battele and da Silva (Brazil), have been
made, but the results of calculations are not uniform because of
differences in the premises, such ag farm production, production
technology and so forth, that constitute bases for calculations. An
example of comparison between sugar cane and cassava as undertaken
by the Study Team is given in Table B-9.

Table B-9 Energy Balance

{(Kcal/k)
 Sugar Cane - Cassava
Farm Prodiction {280} { 415}
Input Alcohol Production Process { 15)+# {5,880}
Total 295 - 6,295
Output  Alcohol 5,045 5,045

NER 0.06 1,25

* In the case of sugar cane, input energy for alcohol production

process is low as the bagasse derived from the stems is usable
as fuel,

£31-30



‘NER.> 1 means minus cnergy balance, and NER ClOSer to zero means
acquisition of - greater energy. In the table, cassava NER of 1.25,
which is higher than 1, stems from thé need for usmng outside heat
- source like burning woqd in the production process.

"As NER > .1 dffers'no'more than a qualitative conversion to
llquld fuel for ease of use. as merlt, reaearch and development
~efforts related to energy- sav1ng processes are specially brisk as
thé ethyl. alcohol productlon process. requlres large enerqy
consumptlon

Also, in case large quantltles of fertlllzer, mechanlzed
farming and long distance haul for asgembllng are requlred in the
raw materlal_productlon process, energy balange deteriorates. These
reasons ¢all for detailed study of the conditions of location at the
time of drafting concrete. plans.

3. Technical Innovations

The aréas in which;technolb@ical innovations are expeéted in
connection with ethyl alcohql_produétion consist of raw material
cultivation and ethyl alcohol production techniques.

3.1 Raw Material Cultivation

 Among farm products now used as raw material for ethyl
alcohol, sugar cane as material for making sugar and corn as feed
¢claim mass cultivation history. = On the other hand, it was only in
recent years that cassava began to attract attention, and there is
room left for improving the methods of cultivating these crops.

Principal points needing deVeiopment in the cultivation of
these crops include.

~ Development of high-yielding varieties

- Boosting of harvests through improved fertilizer
administration :

- Better protection from plant diseases and harmful insects

According to the report issued by the World Bank, the average
yvields of cassava and sweet potato are respectlvely 9 ~ 12 tons/ha
and 15 tons/ha, but improvements in the above- cited points are
expecLLd to boost the yields.
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3.2 Ethyl Alcohol Production_‘I‘c—:chndl_og'y

As ethyl alcohol ploductlon technology, as - stated before, two
one of which is the fermentation and the.
other is synthesis processes. Technolog;cal ‘innovations expeoted'
in the synthesis pracess include @évelopment of a. technology for
producing ethyl alcohol direct from natural gaq,_development of
new catalysts in the production of ‘ethyl alcohol from ethyleng,
and development of some new ethyl alcohol separatlon teOhnology

processes are available,

The Lechnology for producing ethyl alcohol dlrectly from
ethylene is now in the process of research and development, it is
a technology of the future as yet. ‘Developuient of new catalysts
in the productlon of ethyl alcohol from ethylene has: little-
prospects as no research work is undertakern as of now. As for the

vew ethyl alcohol separation technology common to both the
synthesis and ferment ~ation process, it will be dlscussed under the

fermentation process.

Technrological 1nnovatlons expected in the elhyl alcohol
productlon under the fermentation prDCess consist mainly of the
reduction in the ethyl alcohol conversion energy and in the cost
of productlon ~In the following some of the technologlcal
developments undertaken in Japan will be discussed with respect to
different raw materials and processes.. :

3.2.1 Bioc-saccarification ethyl alcohol production technblogy
using cellurose as raw material

Cellurose used as raw materlal has to be saccharified before
the fermentation procéss. As means of: fac111tat1ng saccharifica-
tion, physical and chemical pre-treatments are conceivable.and in
Japan,. various comblnatlons of electron beam appllcatlon, pulveri-
zation, blasting, ozone treatment and alkali treatment are under
study for commercialization.

3.2.2 Saccharification process of starchy materials
(1) Non-cooking saccharification process

In the case of a starchy raw material, about 30% of steam
needed for production is consuned as energy for cooking. For
this reason, any means of. SaCCharlflCatlon without cooking
will save much energy. When fresh. sweelt potato: is used as
raw material, saccharification at 80°C has successfully been
achleved on the industrial level. Under the existing state
of thlngq however, enzyme requirement for the process is
somewhat larger than for the cooking process, With some

room for further technological development in this respect,
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“this procesé has already reached  -the comméercialization stage
as a feasible energy consexvation technique.

(2) Continuous saccharification with process immobilized enzymes

In manufacturing insomerized sugar by converting cotn starch
into ‘fruit sugar {fructose), c¢ontinuous saccharification by
imiiobilized enzyme has already been commercialized. 1In
.manufdcturihg:eth?lsaldohol”ffdm”unédoked sweet potato as the
starting: materlal, ehzymes. are still mixed into the cooked
mash to bring about 5acchar1f1catlon at present, and there-
fore it is- posslble to repeatedly lise enzymes' by immobilizing
them: Depending on the raw material, however, clogging of
fibrous substance may sometimes occur. Commercialization of
continuous saccharification process by solving this problem
is much awaited.

3.2.3 . Saccharification process of cellulosic material

" As the -saccharinity-of -the saccharified mash of cellurosic
material is. low, technology for upgrading the saccharinity by
~combining the excess filter film and the reverse 1nf11trat10n
- film, technology for recovering enzymes by fixation, development
of new enzymes with higher saccharification potential and other
technological developments are underway for commercializing ethyl
alcohol production from cellulosic materials.

3.2.4 Fermentation unit
{1) Immobilized yeast process

Immobilization of yeast makes continuous fermentation process
possible. And since this upgfades the capacity efficiency of
the fermentation tank, cuts in the cost of fermentation tank
installation as well as saving in energy can be expected. In
Japan, two processes of either using calcium alginate gel or
photo-curing resin film as support have been researched, with
each has of them having undergone pilot operation for an
extended period.

(2) Vacuum fermentation

Under normal fermentation the activity of yeast is impeded by
the ethyl alcohol generated. In this process, vacuum fer-
mentation process is promoted while removing the generated
ethyl alcohol by reducing the pressure. By this process, the
capacity effic1ency of ‘the fermentation tank can be 1mproved'
and high-concentration feeding is made possible. As this
process has further merits like energy saving in the
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distillation process, technological develop
stage is now being pursued.

3.2.5 Distillation unit

(1) Pressurized distillation

Pressure is applied to one column-to valse
the gteam generated in that column S0 that

the heat source for other columns.
energy saving. possible.
pilot stage and is expected to be ¢

future,

{2} Membrane utilization

In Japan t

ment- in the pilbt'

the. temperature of

it -can be used as

This technology makes
his technology is in the
ommercialized in near

Unlike the ethyl alcohol separation process under
conventional distillation, this is:a technology for promoting
ethyl alcohol concentration by the use of membrance. It is
still under research now, and still mere tiwme is likely to be
needed for commercial use. ' '

4. Plant Investment Cost

pstimation of plant investment cost should properly be calcu~
jated on the basis of estimates collected after choosing the loca-

tion and undertaking detail design.

However, because of the ains of

this Study, no such calculations have been undertaken, but the’
reports.issued by the World Bank and data published: in various

literatures have been used as reference.

Estimations of the Study

Team have also been used as part of data, as shown in Table B-10,

Table B-10 Plant Investment Cost by Raw Material

{U5% million)

Fermentation Molasses Fuel _ 5.8
‘Process Industrial 11,0
Sugar Cane Fuel 14.3
Cassava Fuel 11.5
Synthesis Process | Ethylene Industrial 17.8

Notes: 1) Plant capacity of 120 kl per aay.
2) 1982 as a base year. '
3) Finished product will be anhydrous grade,
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IV. Production Cost

_ Specific production costs of any operating plant have not been
made public because of its nature., BAs production costs differ
according to the raw material prices, plant investment cost and labor
cost prevailing at each different location, ‘detailed study should be
made after picking specific location, collecting various estimates on
facility investment: cost and making concrete calculations. In this
study; however, trial caleculations were undertaken on the following
general and standard premises in order to grasp the trends in pro-
duction cost for different raw materials.

1. Premises for Cost Estimation

1.1 Matters Examined

Molasses;:sugar cane and cassava were examined -as raw
materials used in the fermentation process, while ethylene was
assumed as material for synthesis. 1In view of the existing state
of thlngs, uses were ‘divided into industrial and fuel uses with
‘respect to molasses. Sugar cane and cassava were considered as
material for making fuel ethyl alcohol only, while ethylene was
considered as material for making industrial ethyl alcohol only.
With regard to sugar cane, the case of Brazil was taken up as an
example of -a country where raw material cost was low.

Also for ethyl alcéhol'production facilities, a newly instal-
led plant was assumed for all cases.

. Raw Material ‘Application
Case A ~Molasses _ Fuel
_Case B Molasses Industrial
Case C Sugar cane - Fuel
Case D Sugar cane (Brazil) Fuel
Case BE Cassava _ Fuel
Case F Ethylene Industrial

1.2 Plant Capacity.

The most commonly used 120 kl/day.capacity is adopted.

1.3 Product Purity
The anhydrous grade of 99.5 Vol % haé been used both for

industrial and fuel ethyl alcohol. With regard to the impurity
content, specifications generally used in the developed countries
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rial ethyl alcohol, but no provisions

were adopted for the indust
s in the fuel ehtyl alcohol, for which

were made for the impuritie
only product purity was considered.

1.4 Operating Days

while climatic conditions in the various parts of. the: world
may lead to different operating days with respect to farm products
used as raw materials undex the fermentation process, plant '
operating days were set at 300 days a. year, assuming that the
materials would be available fox 300 days. With regpect to the
synthesis process, 330 days a year were assumed according to

Japan's case.

1.5 Annual Production Rate

The annual production rate is axpressed by multiplying the
per day production capacity of the plant by the number of days a
year operated. :

~ Fermentation process: Annual production rate of 36,000 kl
~ Synthesis process: Annual production rate of 39,600 ki

1.6 Raw Material Cost

Unit price of each raw material is as given in the costs of
raw materials.

-~ Raw material for fermentation process:
aAverage price in various parts of the woyld in 1982,
- Raw waterial cost for synthesis process: e _
Average price in Japan, Europe and the United States

in 1980. :
- P;emised on the above, the unit prices will be:
Molasses: $74 per ton
Sugar cane: $22 per ton
sugar cane (Brazil): $12 per ton
Cassava: $32 per ton
Ethylene: $680 per ton

The unit consumption rate required for producing 1 ki of
ethyl alcohol from each of the raw materials was guoted from
Chemical Engineering (No. 5, Vol. 45), but the cost of cassava was
estimated by the Study Team. '
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1.7 Utility Cost, Chemical Cost

Thé_unit_cpst and:quantity for calculating the utility cost
and the chemical cost for each raw material are quoted from
Chemical Engineering (No. 5, Vol. 45).

1.8 Labor Cost
. The unit cost of labor and required number of workers have

‘been calculated on the basis of data the Study Team has compiled
‘for the case of Southeast Asia.  The unit cost has been set at
'$2,000 per man-year, and the required number of workers was set at
. 60 for the case Of plant producing fuel ethyl aleohol and at 80
for the plant producing industrial ethyl alcohol,
1.9 Maintenance Cost

‘Annual maintenance cost is assumed to be 3% of the plant
investment which is a normal rate for chemical plants. For the
plant investment cost, values cited in the previous section II1I-4
have been adopted.
1.]0 Taxeé, Insurance

These have been estimated at 2% of the plant investment cost
normally used for chemical plants.
1.11 Dpepreciation

Taking the residual value as 10%, the period of depreciation
has been set at 12 years. As a consequence, the depreciation cost
was calculated as plant investment cost x 0.9 x 1/12.
1.12 Profit"

Estimated at plant investment cost x 0,1.
1.13 Management Cost

Labor cost x B0% has been estimated as cost needed for plant
management., '
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2.

Results of Tenta

The results of tent
premise cited in 1 are shown in T

in Brazil, is shown in Table B-12.
given in Appendix Table 3.

able B=11.

tive Produotion Cost_CalCulatiqns

ative calculataons of productlon cO
Case D, prOGUCthD cost

Details for oLher cases are

st on the

Table B-11 Production Cost Estimate by Raw Materials

{uUs$/k1)

—i

variable Costs fixed - Pro-

Material Utility

Cost ~duction

Method Cost Cosl, etoc. Cost
Fermenta— Molasses ~ Fuel 259 {63) 73 17 402
tion Molasses ~ Industrial 259 (62)y ~ 7@ 80 412
Process Sugar cane - Fuel 330 (77) 4 95 429
Sugar cane - (Brazil} - 184 - (66) 4 g5 279
Fuel _
Cassava - Fuel 208 (48) 141 80 427
Systhesis Ethylene - Industrial 326 (63) 85 107 518
Process
Mote: Figqures in () indicate the percentage share of raw material cost

in the production cost.

As stated at the beginning of this section, the result of
production cost estimations cited here are based on general pre~
mises. In undertaking concrete location planning, therefore,
comparative study of each item of premises with actual conditions

"and modifications would be necessary. In particular, as the ratio

of raw material cost to the total cost is very high, as is evident
from the table, stable material procurement price at the chosen
location becowmes highly significant.

" Wnile a lagoon, for instance, has been assumed for wasta”watef
treatment in the premises for pollutant treatment facilities, the
cost naturally becomes higher in a country like Japan where regula-
tions on environmental pollution are stringent.

In any case, under the premises cited herein, the following
points can be gleaned from the table as general trends:
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Table B-12 Production Cost Estimate for Ethyl Alcohol
" by a Newly Installed Plant in Brazil

Ethyl Alcohol Production Cost

Plant capacity: 120 kl/day
‘Product purity: 99.5 vol %
Raw Material: Sugar cane
- End-use: Fuel

_Prbducﬁioh'COst Item Unit Price Quantity Uss/kl
Raw material cost $12/M7 15 MT/k} 180
m Utilities costs
% Power - - 0
¢ Fuel - - 0
e
Water #20 /MT 10 Me/kl 2
2
§ Chemical cost 2
Subtotal 184
Labor cost $2,000/y/man x 60 men = $120,000/y
Maintenance cost $14,300,000 x 0.03 = $429,000/y
" Taxes and insurance  $14,300,000 x 0.02 =" $286,000/y
“ ?
§. Depreciation charges $14,300,000 x 0.9 x 1/12 = $1,073,000/y
g Profit $14,300,000 x 0.1 = $1,430,000/y
o
&' Mapagement cost Labor cost x (.8 = $96,000/y
Subtotal 95
Total production cost 279
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atation and synthesis processes glve the

- Comparison of the feime gav
. ect of production

edge to the feymentation process in the asp

cost . _ Lo
- Not much difference i8 ohgerved in the costs of molasses, sugar

cane and cassava uged as rawv materials for the fermentation
process, _ :

- In each case, the ratio of raw material cost to the total
production cost is more than 50%, indicating that the_total produc-
tion cost is greatly affected by the raw material cost.

V. Production Policy

Policies related to ethyl alcohol production, especially to fuel
ethyl alcohol production, have been lately made public by various
countries as ideas or as measures for implementation. In this report
policies under implementation in Brazil, the United States and the
Philippines will be discussed.

1. Brazil

Findings of the interview survey conducted in march:1983 with
respect to the preferential measures for promoting the "National
Alcohol Program" are summarized below:

1.1 -Low Interest Loans for Industrial and Agricultural Projects
a. Industrial project

{a} Loan ceiling
70 to 90%

{bY Interest rate : -
Middle and southern Brazil: Inflation rate x 0.8 + 5%
Northeastern Brazil: inflation rate x 0.6 + 5%

{c) Repayment period
12 year repayment (4 vear grace period)

b. Agriculﬁurél project -

{a) Loan ceiling
50 to 100%

{b) Interest rate : .
Middle and southern Brazil: Inflation rate x 0.7 + 5%
Northeastern Brazil: Inflation rate x 0.55 + 5%

{c) Repayment period
12 year repayment (4 year grace period)
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c. Incentive for ethyl alecohol production
Producers will be guaranteed a parity purchase price.

2. The United States

~The . "Alcohol Fuel Policy Study Program" which the Department of
Energy announced in July 1978 and the "Alcohol Fuel Policy Review”
announced by the same department in June 1979 indicate the pro-
duction policy as follows: :

- The Department of Agriculture will provide loan guarantee for
pilot plants for ethyl alcohol.

—- The Department of Energy will provide conditional loan
guarantees for the ethyl alcohol production plants.

- When an ethyl alcohol production plant is newly established,
the 20% investment tax under the “"Energy Tax Law" will be
exempted

3. The Philippines

The revised Alcodas Program which the Philippine Natiocnal
Alcohol Commission (PNAC) announced in 1982 provides the following
policies on production: :

~ Acceleration. of the depreciation period of the eguipment in the
ethyl alcohol plant will be given special approval,

~ Import duties on the imported eguipment used in the ethyl
alcehol plant will be exempted.

VI. Changes in World Production

Although several reports are available on world production of
ethyl alcohol for certain years, it is only the United Nations'
statistics that offers complete data on-year~to-year changes in
production. However, as the following problems are associated with
the United Nations statistics, the Study Team medified some of the
production figures.

- As the French production was under- reported, figures estimated by
Japan's Ministry of International Trade and Industry was used
instead.

- As production for certaln years was not surveyed, production in
each of these years was assumed to be equal to each of the
nearest fiscal year surveyed. ¥For the Brazilian production
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ovey 1977 to 1980, the figurgs .

- do Alcool.of Brazil were used. S : :

- The productidn volunes reported byrsome counyr;e§ may.Eresumibiy
include ethyl alcohol used as material for lignuoxs, bu.ras §_q
quantities are unknown, no corréctions have ygen @adg. ;.

. The Unitod Nations statistics do not make.clear_dlstlnctloP
petween dndustrial use and fuel use; but Bragi;iag producg;on.of
fuel ethyl alcohol is represented by fiquresjobta;?ed_fxom ??e--
instituto do Achcar e do Alcool and they. are recgpltulated in a
graph as the component of total production. .Inc;dentally,.whl{e
conntries producing fuel ethyl alcohol as of 1983 are Brazil, the
United States and the Philippines, Brazil is the only‘cquntry
that was producing fuel alcohol before 1980, Industr;gl ethyl
alcohol production volumes are shown in Fig. B-7 and Tqble B-13.

obtained from the Comissao Macional

The average anhual growth rates in p;oduction between l?ﬁﬁ_and
1980 was 0.9% for industrial ethyl alcohol and 16.5% for fuel ethyl
alcohol (Brazil). ' ' '

vIil. Fuel Ethyl Alechol Production Programs

With regard to fuel ethyl alcohol which is akttracting gttention
lately, a number of countries have announced production programs oOr
future directions of development. Situations in the leading countries
are as given below,

1. Brazil

-~ The national alcehol program of Brazil was adopted and put Lo
implementation in- 1975, The preduction plan of the "Proidlcool”
calls for the following annual production schedule:

1984, 4.0 million k1l
1981: 4.9 million ki
1982 6.0 million k1
1983 7.3 million ki
1984: £.9 million ki
1985, 10.7 million k1

The programs were implemented just about on schedule up to
1981, but according to information obtained from CENAL {(the Comissao
Nacional do Alcool of the Commerce -and Industry Department) as of
Nevember 1982, the projected 1985 production hasg been revised to B.3
million k1, so that the program is now somewhat behind schedule,
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2. The . United States.

In the United Statés, the Department of Energy announced the
Alcohol Fuels Policy Study Program in July 1978, followed in June
1979 by ‘the Department's Report of the Alcohol Fuels Policy Review,
which together formedakhe basis for the country's full-fledged fuel
ethyl alcohol production policy. .The Report of the Alcohol Fuels
Policy Review which envisages a rapid increase in production calls
for the following fuel ethyl alcohol production program.

1979: B0 million gallons 304,000 k1
1980: 100 million gallons 379,000 k1
1982: 300 million gallons 1,136,000 k1
1985: 500 million v 1,893,000 ~

600 million gallons 2,271,000 kI

However, the 1981 production of 265,000 k1 reported by SRI indicates
-some delay in the progress of the program.

3. The Philippines

The Philippine Naticonal Alcohol Commission {PNAC) was .set up in
‘February 1980 under the President's order. Alcogas has been posi-
tioned as non~conventional type energy in the five-year energy
program ‘or ten-year energy program annually announced by the
Ministry of Energy. The Alcogas Program, in fact, made a flour-
ishing start in 1980 as the most important item for development
stipulated in the five-year program. However, the alcogas pro-
duction target has been scaled down to about 1/50 in the five-year
_enerqgy program drafted two years later in 1982. Comparison of the
1980 and 1982 five-year energy programs is presented in Takle B-14,

Table B~14 Philippine Ethyl Alcohol Preduction Program

(1,000 barrels of oil equivalent)

1980 Program 1982 Program
1981 96 -
1982 ' 576 _ 35
1983 1,408 47
1984 1,964 47
1985 2,415 47
1986 S - ' 47
1987 e 47

Source: Philippine Five-Year Energy Program
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in January 1983, the curtailment of the pr
followiug'reasdns: '

4,

m the Ministry of'Enérgy

According to information obtained fro
. ogram was made for the

- The crudéfoil-supply and demand situation has,éhangederdm that
of the time.when the program was amnounced. . ..o .
- The government subsidies (about Usg#18/1 at 9.2 pesos = ussl)

have become a fiscal issue.

various Asian Countries:

4.1 Thailand -

In March 1979, the Thai Government inaugurated quer Alcohol
commission (PAC) consisting of representatives of the various
government departments and agencies.

The Government plans to develop technology for producing
ethyl alcohol as.a future energy from cassava which is now grown
and exported as animal feeds. Since 1980, development efforts for
ethyl alcohol production technology have been made with use of
cassava and other plants at the Science and Technology_Research

Ynstitute of Thailand as a joint research and development coopera-

tion project with Japan.

4,2 Indonesia

The Indonesian Government has made it clear to vigorously
implement a policy of linking ethyl alcohol production with
dispersion of population to local areas with the Agency for.
Development and Application of Technology (BPPT) as the principal
organization. - . ' ' .

No specific production plan has been announced yet, although
the State Alcohol Commission was established in June 1980,

‘To develop technology and provide education on ethyl alcohol
production, two pilot plants were built in the southern part of
Sumatra: 5,000 kl/year pilot plant constructed by indigénoﬁs
technology and 8 kl/day pilot plant with technical cooperation
from Japan. Both plants are scheduled to start operation one
after another within 1983, ' '
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5. Various European Countries

- Various Cduntriés in Europe are making plans to use either
ethyl alecohol or methyl alcohol as fuel by taklng advantage of their
respect1Ve available . resources.

_ Particularly, France announced the Céburol plan in January 1981
which calls for meeting 25 to 50% of total gasoline consumption with
Caburol in 1990 as the target.

=Féderai Repubii¢;qf Germény,_Sweden ahd Italy have alréady been

conducting road tests on automobiles with fuel that is produced by
mixing ehtyl or methyl alcohol with either gasoline or gas oil.

[3)-47



C.

I.

fuel use. For industrial use, explanatlon wi
areas in which ethyl alcohol is used at present.
its su1tab111ty in each partlcular appllcat

tions, denaturation, a special factor

CONSUMPTION

Use

ol can broadly be lelded 1nto 1ndustrlal and
11 be made about ‘specific
Regardlng fuel usge,
1on w111 be dlscussed

Use of ethyl. alcoh

th 1ndustr1al and fnel appllca~

Before explanation is given-on bo
to ethyl alcohol, will be

described.

.. Denaturation

Ethyl alcohol has ‘special Dropertles that it will become:
alcoholic drinks in addltlon to its industrial and fuel uses.

Since liguor taxes on alcohollc drlnkq provide an 1mportant
source of revenue to various countries, measures are taken to make
ethyl alcohol unfit for drinking purposes if it is intended for
industrial uses. These measures are. referred to as denaturation,
and substances used for denaturation are known as denaturant,

1.1 Propertles Requxred as Denaturant
Generally, followlng propertles are requlred as a denaturant:

- It ea51ly blends w1Lh ethyl alcohol, and its presence will

 not adversely affect its industrial applications at all.

- It can give ethyl alcohol sufficient obnoxious malodor that
will effectively. prevent its use for beverage purposes,

. - It cannot easily be separated from ethyl alcohol by filtra-

tion, distillation or any other simple treatment. :

- Its presence even in extremely small quantity can easily and
positively be detected,

- It is low priced and readily available.

1.2 Denaturant

Specific products of denaturant will be described by taking
examples in Japan. :
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1.2.1  General denaturation

General denaturation is a denaturation standard that is used
for general purposes. Major denaturants include methyl alcohol
benzene, Loluene, fragrances, etc.

'1,2.2 Selective dehaturation

_ Thig is a denaturation standard which allows use of denatu-
rants-other than those for general ‘denaturation purposes when
industrial ethyl alcochol is used in manufacture of acetylene
derivatives, éther, ester, etc. As selective denaturants, indus-
Atrial ethyl ether, kerosene, formalin, ethyl acetate, etc. are
used.

1.2.3 special denaturaticn

_ - Use of special denaturants is mandatory for some of ether and
-ester products. Benzene, methyl ethyl ketone, etc. are used for
thig purpose.

1,2.4 Exceptional denaturation

- In case denaturation standards described under 1.2.1 through
1.2.3 cannot be used, the reasons for it must be stated in an
"application for use of exceptional denaturants" and submitted to
‘the Minister of International Trade and Industry foxr approval.
The approved method is referred to as exceptional denaturation.

2. Industrial Use

‘Many countries use ethyl alcchol in the chemical industry for
solvents and other products, food industry for preservatives, and
pharmaceutical industry for strilizing alcohel, etc. Some countries
extensively use ethyl alcohol as basic raw materials in chemical
industry for production of ethylene, acetaldehyde, etc. However, it
igs Qifficult to apply the same category to explain every country's
industrial use of ethyl alcohol because classifications of applica~
tion vary depending on each country. BApplications also slightly.
differ from one country to another. For these reasons, examples in
Japan will be introduced as regards applications in chemical indus-
try, hcverage and food industry, hygienic and pharmaceutical indus~
try. Ethyl alcohol is not used in Japan as basic raw materials for
chemical industry. For these applications, examples in other
countries which use ethyl alcohol for such purposes will be cited.
Ethylene can be produced by two processes. One is to produce from
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ethyl alcohol. The other generally practiced methodri?]therma1  N
cracking. of naphtha-or natural gas {known as petrochemical process) .
Production costs by these methods have been calculated and.compared.

Use of either fermentation process or synthesis process for
particular industrial application slightly differs according to
countries. However, generally, ethyl alcochol produced by fermen-
tation method ‘is used FTor human intake purposes,such as1foqd;ahd
drink additives like preservatives,'vinegér,'perfumerx,'and_part‘of-
medicines under goverrnment regulations.: Some_countriGS‘;estrict uge
of‘synthetic ethyl alcohol even for cosmetics and othexr products'
which come in contact with human bedy under their agriculturxal
policy to protect farmers who produce raw matetials-for.fermentation

ethyl alcohol.

2.1 Chemical Industry Use

Ethyl alcohol is mainly used for solvents in chemical indus-
try. It is lower in toxic effect on human body than other sol-
vents such as acetone and benzene. For this reason, it is alwost
exclusively used in the field of solvents that will come in
contact with_human body such as soap, kitchen and clothiny deter-
gents, cosmetics, and aerosol products. :

Aside from use as solvents, ethyl alcohol is used'for'produdm
tion of ethyl esters including ethyl acrylate, athyl malonate,
ethyl silicate, ethyl phthalate, and ethyl cyanoacetate for -
textile processing and high-class paints as well as for production
of intermediates of agricultural chémicals, medicines and dye-~
stuff. ' .

2.2 Beverage and Food Use

Ethyl alcohol is used as raw material for alcoholic drinks
and vinegar, as well as preservatives for soybean sauce, pickles,
ice cream, fresh cake, etc. -
-2,3. Hygienic and Medical Supplies

Ethyl alcohol is used in manufacture of vitamins, medicines
for external use, antibiodtics, amino .acid drugs, etc, It is also
used as alcohol of Japanese Pharmacopoeia. -

2.4 Basic Raw Material for Chemical Industry

'Anot@er different use of ethyl alcohsl besidés its usé in
chem;cal-lndustry such as for solvents described under 2.1, there
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is a field that uses ethyl alcohol as basic raw material to
produce a series of ethyl alecochol derivatives. For the present
survey, this particular field will be referred to as basic raw
material for chemical industry, to distinguish it from its use in
chemical industry described in 2.1, '

This field of'applications is mainly found in Brazil and
India because boLn countries are oil 1mporters and abundantly
produce agrlcultural products

Prodqctlon method for ethyl alcohol derivatives is usually
divided into the following three types:

- T6 produce ethylene and its derivatives from ethyl alcohol
-~ To produce acetaldehyde and its derivatives from ethyl

- alcchol . -

C - To produce derivatives dlrectly from ethyl alcchol

Fig. C~1 to C~3 show a block flow chart for each of these

productlon processes.

Fig. C-1 Production of Etylene and Its Derivatives from Ethyl
Alcchol
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2.4.1 Examples of actual applications as basic raw material
-for chemical industry-

(l) Brazil

Brazil leads the world in this field. According to 1980
UNIDO data, with ethyl alcohol as raw material, Brazil
produces ethylene, acetaldehyde, octyl alcchol, butyl
alecohol, budadiene, butyl ether, ethylene glycol, diethylene
glycel, etc.

For details inclioding prodUCtlon capacity, refer to Appendix
Table 4.

(2) India

According to 1980 UNIDO data, India produces acetic acid,
~acetic anhydride, butyl acetate, ethyl acetate, monochloro-
acetic acid, pentaerythritol, DDT, styrene, polyethylene,
acetone, butyl alcohol, butadiene, etc.

For details 1nclud1nq production capacity, refer to Appendix
Table 5.

{3) Peru

Peru also produces ethylene and pelyvinyl chloride.

2.4.2 Comparison of ethylene production costs

As described above, ethylene can be produced from ethyl
alcohol. However, it is usually produced from naphtha, a fraction
of petroleum, or from natural gas.

Ethylene is one of basic raw materials for petrochemical
industry and is being consumed in large guantities. Thus, if
ethylene produced from ethyl alcohol is competitive with ethylene
from petrochemical process, a huge market for industrial use can
be expected for ethyl alcohol.

Cost comparison will be made below between ethylene produced
from ethjl alcohol and that from petrochemical process. As the
method for this cost comparison, production cost of ethylene with
ethyl- alcohol as raw material will be calculated first. Results
will then be compared with the market price of ethylene from
petrochemical process as described in the section dealing with
price of raw material.

{1) Premises for cost calculation
{a) Plant capacity and process

To be 60,000 tons/year and isothermal reaction fixed bed
type process.
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(b)

(c)
{d)

(e)

Purity of produpt
There are two grades for ethylene polymer grade and

chemical grade. Of these grades, strlcter polymer grade
has been employed (99.95 mol %).

Number of operating days
Ta be set at 330 days a vear,

Plant invéestment cost
a million US dollars as estimated by Study Team

Raw material and utilities consumption-
Refer to Table C-1.

Table C-1 TRaw Material and Utilities Consumptlon _
(Isothermal reaction fixed bed type process)

polymer Grade

Raw Material ‘ .
100% Ethyl alcohol per 1.75
ton of Ethylene ({MT)

Utilities Consumption
(per ton of ethylene)

Steam (MT) : ©.1.08
power  (kwh) . 235
Cooling Water (m?) 7180 6
Fuel (kcal) 0.360 x 10
Catalyst {(kg) 0.03 - 0.1~
Source: Collection of Development and Technology Data on

- (£)

{g)

(h)

Fuel and Chemical Raw Materials by Biomass

Price of raw material _ ‘ _ .
Calculation was made for two cases: ~ $416/kl which is
average cost of ethyl alcohol by the fermentation
‘process and $279/kl which is the production cost in -
Brazil, ; '

Number of operation personnel
Set at 40 persons.

Others

Premises used for productlon cost calculatlon on ethyl
alcohol were used.
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. {2) ‘Results.of cost calculation
.~ Results-of cost calculation are shown in Table C-2. For

further detalls refer to Appendix Table 6.

Table ‘C-2 Average Cost of Ethylene Produced from
S Ethyl Alcohol

(0SS /MT)

World Average Brazil

Variable: ' Raw material 910 611
costs R "~ costs 7 _
o Utilities and 81 81

chemicals costs
Fixed costs o _ 32 32

Total 1,023 724

(3) Cost_éoﬁparison

For the production cost of ethylene from ethyl alcohol, the
world average and results of calculation on the Brazilian
' casé described above were used. Production cost of ethylene
from petrochemical process has not been published. There-
fore, the market price was used as reference.

Table C-3 Cost Comparison
(USS/MT)

Calcuiation of Cost of Ethylene Cost of Ethylene from
from Ethyl Alcohol Petrochemical Process
{Market Price)

World Avefage 1,023 S Japan 800

Brazil - 724 Europe 750
: USA 490

Efom Téble C-3, it will be noted that the average world
production cost of ethylene from ethyl alcohol is higher than
the market prices in Japan, Europe and the United States.
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However, when production.cost calculation is made fox the

example in Brazil where ethyl alcohol, raw material of
ethylens, is available at lower cost, we Sqerthat;ethy}ene
production cost has already reached the level of that in
Japan and Europe where naphtha is used as feedstock for
petrochemical process, while in the United States where
naltural: gas is used‘as raw material for ethylene the cost of
ethylene from ethyl alcohol ig still higher_than'from
petrochemical process. production of ethylene from ethyl

alcohol offers the following advantages:

- Raw material for fermentation process is a reproducible
resource such as molasses and sugar . cane.

- Ethylene is a sole product of this process and no
by~products are produced as in the case of petrochemical
process. This will simplify process configuration, and
greatly facilitate plant operation and acguisition of
operation techniques. In addition, equipment investment
cost will be made smaller in scale, o

- Savings on foreign exchange by substituting for petro-
leum, as well as promotion of agriculture, can be

‘accomplished.

Aside from these advantages, ethylene from ethyl alcohol will
become more advantageous. in cost over ethylene from petro-
chemical process if o0il price rises in future. Thus, produc-
tion of ethylene from ethyl alcohol is considered an extremely
significant technology in countries where molasses, sugar
cane, etc. as raw materials of ethyl alcohol are available at
low cost. o :

However, it is also required that production of ethylene from
ethyl alcohol should be studied in each country under the
framework of a comprehensive industrial policy which will
cover use of whole products in the downstream of ethylene
production.

3. Fuel Use

. Use of ethyl élcoho} as fuel is the latest use that:emerged'
against a backdrop of soaring petroleum prices. Ethyl alcohol is
now consumed in large volumes in Brazil, the United States, etc. by
being blended with gasoline or simply as it is. '

Merits and demerits of ethyl alcohol when blended with gasoline
as automotive fuel are generally said to be as follows;:

Merits:

~ As ethyl alcohol blended is produced from reproducible
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resources, it is desirable from the viewpoint of ecological
environment. = :

~ If surplus agricultural prcdu(t5 are used as raw material, it
~will help expand and Stabl}lée the market f01 agricultural
produets. - :

~ As .ethyl alcohol resources. are undepletable, it will lead to
congervation of oil.

- It improves octane vating of fuel. {When 10% of ethyl alcohol
is blended into gasoline, the octane number improves by two or
three p01nts. In the United States where stepwise control on
the use of alkyl lead is being implemented, ‘ethyl alcchol as
octane ‘rating improver is now gaining ‘more attention.)

- It lowers the mixed vapor temperature and 1mproves fllllng

- efficiency (increase in blended volume) .

~ 1t lowers combusrlon temperature and reduces NOy {less polution
by exhaust gas than gasoline).

- Addition of anhydrous ethyl alcohol up to around 20% hardly

affects engine performance so that conventlonal enigine can be
used-as it is.

Demerits:

- When water content in blended fuel reaches 5 to 6%, phase
secparation tends to occur to make it unusable as blended fuel.

- While gasoline ¢dnsists of many components with the boiling
range between 20-200°C, ethyl alcohol comprises single
component with low boiling point of 78.3°C. Because of this,
blended fuel tends to cause vapor lock and percolation more
often than gasoline (Measures to modify fuel feed system are
necessary) .

- As ethyl alechol has a hlgh latent heat of vaporization, its
saturated vapor is too lean to make starting in cold area

~difficult (Requires equipment of preheater or the use of
auxiliary fuel to support starting).

- As its heat of combustion is low at 60% compared to gasoline,
the capacity of fuel tank must be made larger. Also the tank
may rust because of its absorption property,

- Its exhaust gas contains acetaldehyde which has an irritating
odor. Co

~ Its price Stlll compares unfavorably to gasocline.

Regarding its use as fuel aside from the use as automotive fuel
in elther the blended form with gasoline or in the form of single
substance, studiés are being made to use it for internal combustion
engine hy- blendlng with gas oill or as boller fuel in various
countrles. ' '

‘We would like to introduce the interim report of the study
comeissioned by the Resources and Energy Agency of the Japanese
Ministry of International Trade and Indsutry conducted in Japan with
respect to the adaptability of ethyl alcohol to various applications
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in the following paragraphsi. It sould
be noted however that this study was conducted under the partlcular
circumstances of Japan with respect to oil, environmental pollution
 control regulations and meteorological conditions so that its
findings'may not necessarily apply to othel countries with different

conditions.

‘as compared to ex;stlng fuels

3.1 Substitution for Gasoline

' The subject of thlS study was. alcohol'blended gasoline which
is produced by blending eithexr ethyl alcohol or: methyl alcohol
with gasoline. The study was directed to specific points
discussed below. In the ‘following description, alcohol is defined
to mean both ethyl alcohol and methyl alcohol :

- Change in ba51c propertles as liguid fuel when gasollne is
blended with alcohol. :
~ Effect on human health and environment if alcohol blended

gasoline is used on a large scale.

- Compatlblllty with Existing Systems -
Effects of properties of the blend on storage, deterloratlon

of quality in the distribution stages, materials and driving
performance of automobiles, etc.
- Effects on economy, industry and social qystem.

Although the study is still in “the stage of interim report, the
follow1ng is an outllne of its findings:

3.1.1 Basic propertieé
(l) Octane number and heat of combustion

Octane number will imprové when gasoline is blended with
alcohol.

(a) Improvement in reformed gasoline is greater than that in
- cracked gasoline,

(b) Blending ratio and the rise. in octane number hold a
~ substantially linear relationship.

{c) As far as octane number is concerned, no slgnlficant
difference exists between methyl alcohol and-ethyl
alcohol,

{d} - In the range where alcohol content in the blend is
greater, 1mprovement in Motor octane number is greater
than that in Research octane value. As for heat of
combustion, alcohol is lower than gasoline and therefore
the heat of combustion drops-in proportion to the
increase in the ratio of alcchol ‘blended.
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(2)

(3)

(4)

Increase in volatility

. By blending aleohol with gasoiiné,_vapor pressure will rise
~due. to azeotropie phenomenon. . Boiling.point at. front-end and

intermediate fractions in distillation curve will drop while

vapor-liquid ratio will increase. Increase in volatility is

greater for ethyl alcohol than for methyl alcohol.

As measures against this problem, studies have been made on

-ﬁheaéffect.ofﬁincreasing higher beiling range fractions in

gasoline, etc. However, this attempt has not yet produced
adequat@ly satisfactory effect.

Quality stability

No particular change is noted when alcohol is blended with

reformed gasoline with smaller olefin contents. When alcohol
is blended with cracked gasoline with larger olefin contents,
there 'is the possibility of evaporation residues being formed

in the mixture during storage. Oxidation stability test has

also indicated reduction in stability period.
Solubility, separation of water and solubilizer

Alcohel and gasoline will wéll mix with each other in normal
temperature range but commingling of a small amount of water
will separate the mixture into two phases.

The quantity of water that will cause phase sgeparation
(threshold moisture value) varies- depending on type of
alcohol, blended volume, temperature, etc. Generally, if
content. of ethyl alcohol in the mixture is less than 10%,
threshold moisture value causing phase separation is more
than about 0.5% at 0°C. It is considered that pbhase separa-
tionh can be prevented by reducing water content in ethyl
aleohol, or taking effective steps to prevent mixture of

‘water into fuel in distribution and application stages.

.-As-reqards_ﬁethyl aleohol, when its content in the mixture is
- 10%, threshold moisture value causing phase separation is

about.0,1% at 0°C. Since presence of water in such an
extremely small amount causes phase separation, sufficient
measures against infiltration of water must be taken.

Higher alcohols are highly effective as solubilizer that will

increase solubility of alcohol blended gasoline and will
inhibit phase. separation due to mixture of water.
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3,1.2 FEffect on human health and environment

To study effect on human body3frqm-labor-Sa£ety hygieni¢
standpoints, tést was conducted on rats for acute and subagute
toxicity, as well as for mutagenicity. ‘Test results showed no
difference from those on conventional gasoline.- :

tests were conducted to study
intake by and accumulation in
no difference from

For effect on environment,
decomposition by microorganisms,
fish, and effect on aquatic plants. Howevel,
conventional gasoline was noted.

3.1.3 Compatibility with existing systems
{1) Effect on distribution equipment

Among distribution equipment currently in use, there are some
that are not suited for alcohol blended gascline.  However,
this problem can be technically solved. Thus there is
fundamentally no problem in this area. '

(2) Effect on driving performance of automobiles

Automobiles fueled by alcohol blended gasoline presented no
particular problems in driving performance. However, under
environment  control and meteorological conditions in Japan,
some deterioration in driving comfort was noted. When
changes-in fnel properties such as phase separation occur,
this affects driving performance. '

(3) Effect on . functions of autompbiles

When tests with alcohol&blended:gasoline were conducted on
vehicles now on market without any adjustments or modifica-
tions for this fuel, results showed following problems: some
vehicles cannot. completely satisfy the emission standards in
Japan. On some cars, low temperature starting character=
istics are adversely affected, as well as normal temperature
-and high temperature drivability.  And there is the possi-
bility that faults or failures will occur in fuel system
parts and material, thereby lowering reliability and
gtability, : : :

Based on these regultsg, study was made oh the possibility of
technical countermeasures,
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3.1.4 Effect on economic, industrial and social systems

" With technical study on use of alcohol blended gaéoliné as a
base, effect on social and economic systems was assessed by means
of a 31mulat30n model |

3.2 Substitution for Kerasene; Gas 0il, and Fuel 0il "

- Use of alcohcl not only as substitute f0r-gasoline, but'as
substitute for middle distillate petroleum products, i.e. kerosene,
gas -0il and fuel oil, is drawing attention worldwide. However, its
study has just begun and technical data on this study has not been
accumulated as much as on the study of alcohol blended gasoline.

Investigation -in Japan is directed to the understanding of
bagic properties resulting from blending of alcchol with middle
distillates. The following is an outline of the results of this
investigation: '

3.2.1 Basic properties of ethyl alcohol blended kerosene

(1) Basic properties

~{a) Ethyl alcohol's boiling point is 78.3°C which is much
lower than kerosene's. As a result, ethyl alcohol alone
tends to: evaporate as liguid temperature of blended

: kercsene rises.

{b)-  Blended kerosene's flashing p01nt is equal to ethyl
alcohel's at 13°C so that blended kerosene will be more
easily ignited than kerosene alone.

(c) Heat of combustion of ethyl alcohol blended kerosene
will drop by about 3.5% per every 10% increase in ethyl
alcohol content.

{d} ‘There are no problems in oxidation stakility and sterage
stability compared with kerosene,

(2) Phase separation and solubilizer

‘With increase in ethyl alcohel content in the mixture,
threshold moisture value causing phase separation will
increase. When ethyl alcohol content is changed from 10, to
20 and to 30 vol %, threshold moisture value causing phase
separation changes from 0.10 to 0.15 and 0.22 vol %, respec-
tively. Higher alcohols exhibited excellent effect as
solubilizer.
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