G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

1 D)

08106 =

LIMITFD

1D/WG.293/20
12 Februarv 1379

ENGLISH

United Nations Industrial Development Organization

L R
Wnrkshnap an Fermentatinn Alcehol for Use as
Fuel and Chemical PFeedstack in Developing Countries

Vienna, Austria, 26 - 30 March 197¢

ASPECTS OF FERMENTATION ALCOHOL PRODUCTT ON#

by

Takeshi Saito*#*

x

The views and opinions expressed in this paper are those nf the author and
do nnt necessarily reflect the views nf the secretariat of UNIDO, This dacument
has been reproduced without formal editing.

** Kyowa Hakkn Kogyn Cn. Ltd., P.0. Bax 5170, Tokyn, Japan,



Introduction

According to the progress of the Brazilian National Alcohol Programme,
similar projects to manufacture fermentation alcohol from agri-
cultural and renewable resources are being considered all over the
world. Most of the alcohol thus produced is to be utilized as a subs-
titute of motor fuel by mixing it with gasoline, but some of it is
presumed to be directed to chemical industry as a starting raw

material for ethylene.

While these projects are prevalent in developing countries, developed
countries, like the United States, consider them also as a counter-

plan for energy security.

The topic of this workship is very much appronriate as it is known
that OPEC will raise oil price again by some 15% during 1979.

We, KYOWA HAKKO, are the biggest fermentation alcohol producer in
Japan and it is our greatest pleasure if our actual experience will

contribute to the topics of this workshop,

Fermentation Activities of KYOWA HAKKO
We, KYOWA HAKKO, do not only manufacture slcohol but also many

other fermentation products, such as mono-sodium L-glutamate
(food flavor enchancer), L-lysine (essential amino acid for
animal growth), baker's yeast, antidiotics and enzymes as shown
in Table 1,

These products are made from cane molasses imported from Sotth-
East Asian countries. The quantity of molasses consumad by us
amounts to 200,000 to 250,000 tons per annum, which corresponds
to approximately one fifth of the total consumption in Japan,

Such huge consumptions of molasses will inevitably cause effluent
problems,

We convert the waste by our own process to an organic compound
fertilizer totalling about 140,000 tons per annum, Our principle
is that the valuable residual ingredients of molasses fermentation

mashes are to be returned to the soil., We are confident that such

a fermentation complex has never been practised in the world.
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KYOWA HAKKO's Activities in Farmentation Alcohol

As previously described, we manufacture about 70,000 kl of pure

potable alcohol by fermentation, Our experience over more than

30 years operation and our potential can be characterized as

follows:

1. fermentation processes to various kinds of feedstock such as
molasses, corn, tapioca tip, rice and sweet potato;

2. large fermenters can be designed and are available;

3. compact distillation systems can be applied, especially for
anhydrous alcohol production;

4. energy saving process;

5. waste treatment system is available,

According to the above mentioned features, the following index
can be expected by KYOWA HAKKO's alcohol production process as
shown in Table 2,

Advantages and Disadvantages of Various Feedstocks

Various feedstocks are available for alcohol production by

fermentation; their advantages and disadvantages are as

follows,

Cane juice : bagasse can be utilized as fuel source;
operation is restricted to harvest season.

Molasses

Price may be the cheapest;
operation and handling are easy;
trouble may occur through scaling.
Corn/Tapioca: Saocharification is inevitable;
extra facilities and enzymes are required;
operation throughput the year is possible;
high energy requirement.
Very careful feasibility studies are required to determine the most
suitable feedstock for each district.
In general, cane juice a.nd/or tapioca seem to be the most
suitable feedstock from the view point of both alcohol pro-
duction and agricultural development.



Engggx Requirement

The most important fact to be considered for manufacturing an
energy substitute such as anhydrous alcohol is to reduce the
process energy as much as possible.

We have estimated the energy requirement for upgrading various
kinds of feedstock into ethanol.

Cane juice and molasses requ:re about 300 Kg of bunker oil and
corn or tapioca require about 700 Kg of oil per kl of alcohol.
In the latter case, fairly large amounts of oil are required
for liquefication and saccharification.

The most economical process from the point of view of energy
consumption is cane juice fermentation, because the whole
energy requirement of the process can be provided by the
bagasse which is produced by the milling section from about
25% of the cane delivered into the plant. On the contrary,a
large quantity of external energy has to be supplied in the
case of corn or tapioca. For alcohol production from manjoca
(tapioca) in Brazil, it is said that about 5 tons of wood are
required for the production of 1 k1l of anhydrous alcohol. 1In
the case of corn or tapioca, with a requirement of about 700 kg.
of oil per kl of anhydrous alcohol much more energy is consumed

than made available,

Productivities per Unit Area of Arable Land

As it is supposed that plantations will inevitably be required
for the planning of the anhydrous aiocohol project in most of the
oountries, the choice of the most effeotive plant crop suitable

for each district will be the key problem from the economical
view point,
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The harvest per unit area for each crop 18 shown from statistics
published from FAO and the possible quantity of alcohol corresponding

per unit area is also shown in the same table.

Crop Harvest (tons/ha) Alcohol (kl/ha
Cane 54.4 3.6
Corn 2.8 1.1
Tapioca 9.0 1.4

The above figures, the required field area for the production of

10,000 k1 of alcohol per annum are astimated as follows:

Cane 2,800.ha
Corn 9,100 ha
Tapioca 7,100 ha

The most advantageous crop for alcohol production is likely to be
sugar cane, Considering the low international price of sugar,

exploitation of existing cane fields could be directed towards

alcohol projects.

Manufacturing Cost Estimate for Anhydrous Alcohol

The factors which influence the manufacturing cost are as

follows:

l. Price of feedstock.

2. Necessity of external supply of energy and its price,
3. Investment for production facility.

4. Method of depreciation.

5. Interest.
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Although those figures will differ in the various countries by
their circumstances such as agricultural structure, labour con-
ditions and fiscal background, some typical figures on the
manufacturing cost of alcohol are shown in Table 3.

The reason of the highest cost in the case of cane juice are

as follows.

1. Rather high investment is required for the milling and the
utilities sections.

2. Plant operation is restricted to the harvest season resulting
in a heavier burden of fixed cost,

But if we consider the area of the plantation, alcohol from cane

seems much more realizable than that from cassava.

On the contrary, much more employment opportunity will be created

in the case of cassava than of cane_

So it is very dangerous to judge the viability of the project

simply from the comparison of the manufacturing cost of the

product.,

Treatment of Stillage

The treatment of industrial effluent is now becoming of prime
importance for the protection of ihe environment. As stillage
contains a rather high BOD, several processes are amenable for
its treatment, such as lagooning, concentration, incineration

or anaerobic digestion.

KYOWA HAKKO have developed a technolegy to manufacture an organic
compound fertilizer derived from molasses fermentation waste.

The process comprises the following procedures: concentration,
acid treatment, neutralization, kneading and granulation.

The blook flow diagram is briefly shown in PFigure 1,

According to this process, KYOWA HAKKO is now manufacturing about
140,000 tons of organic compound fertiligzer annually which is
called "Complehumus",. The fertilizer has been highly appreciated
by the Japanese farmers and some of it is emported.
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Suggestions to Developing Countries

The investment for alcohol production will require several
million dollars even in the case of utilizing molasses which
seems t0 be the most favourable feedstock. Further investment
will also be required for the plantation project to obtain

carbohydrate used as a feedstock.

Such huge investment would be a heavy burden on the finance

‘of‘ the developing countries. For this reason, we would 1like
to suggest to install a small size demonstration plant at first
for the realization of the anhydrous alcohol project.

The demonstration plant would be operated to investigate the

following items.

1. Selection of the most suitable carbohydrate locally available.

2. The establishment of the process according to the carbohydrate
selected.

3. Recovery experiments regarding by-products,

4. Selection of the most suitable waste treatment process.

5. Training of personnel.

6. Experiments using anhydrous alcohol, such as road tests.

We currently estimate that such a demonstration plant could be
installed for about 1 to 2 million dollars of investment.

We, KYOWA HRKKO, willingly cooperate to realize such a project
in any country at any time.
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TABLE 3 EsTiMATED ManuracTuRING (OST FOR ANHYDROUS ALCOHOL

MoLASSES Cane uice  TaPioca
PrICE $ 20/ToN $ 10/ToN $ 25/ToN
UNIT PRICE $ 0 $ 130 $ IS8
PER | x1 ALCOHOL
FueL BUNKER OIL WOOD
PER | x1acomor 0.3 Ton S TON
INVESTMENT ~ $5106 M $lUToIEMN $G6GTO7 M
(60 X1 /pay)
OPERATION 30 pavs IS0 pavs 30 pavs
DePRECIATION 102 0% 0%
INTEREST 102 0% 0%
APPROX, ,
MaNUFACTWRING cOST  $ 2]0/x1 $ 150/ x1 $ 300/ k!
NoTe Haste PeuIRED REQUIRED
TREATMENT PLANTATION  PLANTATION
INEVITABLE 2,500 Ha 13,000 1A
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