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The Department of Alternative Energy
Development and Efficiency (DEDE), Ministry
of Energy, co-operated with Ubon
Ratchathani University (as a consultant) run
the project titled Research and Design of the
ethanol plant and juice extractor from sweet

sorghum. This is investigate the
possibility to use the sweet
sorghum as an additional (or
option) feed stock for ethanol
production. The major outcome of
the studies can be summarized as
follows.

1. Status of ethanol production using

molasses and cassava in Thailand

2. Review on the research about the

sweet sorghum

3. Design of the ethanol pilot plant

using sweet sorghum as feed stock

4. Design and develop of the mobile

juice extractor

5. Analysis on problem, challenge, and

strategy to support

6. Publications resulted from the study
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1. Status of ethanol production using

molasses and cassava in Thailand

From the survey on the information
related to the ethanol
Thailand, especially from the molasses and

production in

cassava, it can be summarized as follows

1.1 Status on the ethanol production in
Thailand

The amount of ethanol produced in
Thailand since 2006 to 2010 is summarized
in Table 1.

1.2 Feed stock for ethanol production in
Thailand

Because Thailand is an agriculture country, there are many
possible feed stock grown in Thailand such as sugar cane, cassava,
corn, or sweet sorghum. However, considering the economic
feasibility, the currently practical feed stock are molasses and

cassava only.

1. Ethanol Distillery in
Thailand

Due to the support from the

government, there are many ethanol

distilleries (or plants) started up in 2007. The
government can then support to sell the
Gasohol 95 and Gasohol 91 through the
country. In August 2010, there were 19
ethanol distilleries operating and 4 are under
construction

A1519% 1 U3aunisuameniuealullssinelng sa

T .A. 2549-2553

Table 1 Production of ethanol in Thailand between 2006-2010

WFnumsnaaomueaiiudomas (Ethanol 99.5%)

1AoU 3 w.et. 2549 3 w.et. 2550 A w.e 2551 w2552 P w.et. 2553

@nidan)|@wdassw| Gudan @ mdas i) @udan|Endassu) @uden|@udas s G das)|@waasssw)
.9, 11.51 0.37 14.87 0.48 30.34 0.98 41.29 1.33 45.10 1.45
N.N. 7.86 0.28 11.33 0.40 27.79 0.96 33.69 1.20 39.65 1.42
1A 7.65 0.25 16.53 0.53 27.54 0.89 39.34 1.27 40.60 1.31
13,8, 5.95 0.20 15.17 0.51 40.63 1.31 31.46 1.05 25.20 0.84
n.a. 6.59 0.21 12.41 0.40 26.21 0.85 31.01 1.00 27.28 0.88
1. 12.71 0.42 8.26 0.28 28.66 0.96 35.46 1.18 26.89 0.90
n.f. 14.23 0.46 14.83 0.48 28.93 0.93 35.60 1.15
a.9. 15.72 0.51 15.56 0.50 31.64 1.02 29.17 0.94
.8, 14.11 0.47 20.76 0.69 25.45 0.85 31.16 1.04
f.9. 7.24 0.23 20.66 0.67 28.62 0.92 22.25 0.72
g 13.09 0.44 18.33 0.61 24.07 0.80 24.49 0.82
5.9. 18.67 0.60 23.04 0.74 16.33 0.53 4575 1.48
33U 135.33 0.37 191.75 0.52 336.21 0.92 400.67 1.10 204.72 1.13

1.4 NFHARLASINUUNLLANIUAR
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1.4 Production and price of ethanol

Ethanol production process
comparing between using cassava and
molasses are summaried in Table 2. The
price of the ethanol is determined by the
National Energy Policy Committee (NEPC). At
present, the price of the ethanol produced in
Thailand is based on the feed stock price
rather than the price of the ethanol in Brazil.
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A15199 2 TURBULAZNTZUILNTHARLENILAAAINTAY

a o

AuNudUsatuazn

q

Table 2 Ethanol production process using cassava and molasses

NUIRNA

TUARUNITHAR

Process

nTguUIUN

Detail process

SHAR

s 4
HULFAY

Cassava chip

NNUIMNA

Molasses

1. nmawisandngau

Raw
preparation

material

1. W wanvnfeuldlamanuidudy

1svainos 17-25% Total Solid

2.
concentration of 17-25% Total
Soliid

Crushing, liquefy at

3.9 19ndeduiilew
(calcium) sae H,SO,  uazuan

MeNaudaan

4. Filter and purify the
Calciam by H,SO,

5. 138819 A TN T NT W TE N

25% Total Soliid

6. Dilute to approximate
25% Total Solid

7. nnsdasuiladuinma

Liquidfaction &
Saccharification

8.

Inadaulunyldseuutaauaznain

saeasuuuSSF (simultaneous

saccharification and

fermentation) Tnedat

srasiaula o

Amylase 100-105°C iszanmu 1-2

Liquefaction

dqlu9 uaz Presacchaification saw
wultd Gluclose amylase 50-

55°C wszanns 1-2 dalus

9.

Mostly being SSF

=]

Ry

10.

11. none
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(simultaneous saccharification

and fermentation) In
Liquidfaction use a-Amylase
100-105°C for 1-2 hr and then
Presacchaification by Glucose
amylase at 50-55°C for 1-2 hr

12.  nisudn 13. desuazuninuuy SSFlagszuyl w v v Continuous

nisudnaziduwwyuyu BatchFermentation, Fed Batch

Fermentation
Fermentation) uaz Batch

14. Can beSSF or Batch Can be Continuou

Fermentation Fermentation Fed Batch

o B or Batch
15. dsz@nsaannasudndszunos

90-91% (fasndnnininmnaifiasann HIEANTAMATUENl N QL
- s a 2 Py 0,

grysdedszAninnluduneunistennis) 92%

- Fermentation efficiency

around 92%

16. Fermentation efficiency
of around 90-91% (less than

molasses due to the loss from
crushing and liquefy)

A15199 2 TUABULATNIZLIUNNINARIBNUBAAINIRY AUNUE Lz uaIuazNINtIAA (58)

Table 2 Ethanol production process using cassava and molasses (Continued)

NSZUIUNITHRR

AURDAUNITHAR Detail process
Process quLdu nnima
Cassava chip Molasses

17. nasnauuazsinld 18. Distillation uaz 22. Distillation uac
13D Molecular Sieve Dehydration Molecular Sieve
o Dehydration
19. Distillation and

UMINNABUATIFFIN wih's



dehydration

98.5%

20. sz@nsninnisvsindszano

21. Efficiency of 98.5%

Distillation andMolecular Sieve Dehydration | 23. Distillation and

Molecular Sieve
Dehydration

24. isz@nsninwnisvan

ilszaintw 98.5%

25. Efficiency 98.5%

1.5 N15AANISURILALLAZNANADYtAAIN

NSTUIUNITNAALANIUDR

g0 ReTAAAINNITUIUNNTHAR 1B
niuealiun Argansueulaeenlas K
aaauq Dry distillers grains with soluble
(DDGS) @afLaznindn saReTIAnTuma S
anunsnvi s Temnlld Gannsdnnnsreadens

, =
azaeauandlum19199 3

1.5 Waste and by product from the ethanol
production

Waste and by product from ethanol
production are CO2 Fusel oil, DDGS (Dry
distillers grains with soluble), and slop. These
waste can be modified as useful by-product
as summarized in Table 3.

AN9199 3 29 ALNNATURNNNTHARENTURALAZNNIAANNT

Table 3 Waste management and utilization in ethanol production

UARILAE

28n19AANIg

AFuenlaaantas (CO,)

Carbondioxide (CO,)

il Tuansinanuifiu uazaaaunssuipTasAnsnndniing

Maybe purified and use in refrigeration industry or bevery

UERGEERR

Fusel oil

wenuaanagaseanlnedin1snan WedENINANLATNIY
nszuauneyn biusgns udni i ldiduansvinazane lugnanmness
FN97] LIUGARNUNITNNAEFN

Can be purified by distillation or chemical purification. Use
as solvent in industries.

AN919% 3 24 ALNAATUAINNITHRABNIURAUATANTIANIT (Fia)

Table 3 Waste management and utilization in ethanol production (Continued)
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DDGS weNALNL TN UUAILA IR LT BB NANN A LA N d BN AL 1

(Dry distillers grains with soluble)  [nauuenianIuas daunudsrilildiduanmsdnd

Separate the liquid and solid phase. The liquid phase can be
distilled for some ethanol while the solid can be animal

food.
= & = o o o o v = v dl =
£14p) gasarunsnrrnnanaduainisdndle WAZHLUAINGUAWTIN
AMANTTRTIENITAUNNANA L0yt ua AR5 L5
Yeast
Yeast can be extracted and use as animal food.
3 ] H LA A a ° a o A P
141NN4N Lnngwasainnszuaunseanatnnsain ldaanfnadanwle
dl ] o &Y = o ° Y o +|
ol LmzmﬂwafaﬂmmﬂuwmﬂwmmWmmmmmiﬂﬂjmqg
op
= a ¢ vl %
@umﬂqmquﬂm@ﬂmfm
Slop can be a feed stock for biogas. The solid waste form the
biogas pond is a good quality organic fertilizer.
1.6 HANITRNIFIATIUTINTAYAIINTTIUNAR 1.6 Survey on ethanol plants in Thailand

ranuaaLdaniaTe luldszinalng To survey the ethanol technology

and production difficulty, the consultant had

d' vo = . 9
M ldaniiunisdisasumndeya e collected the information by sending out the

A9 g139als N uRAmen I ueaLTsna el Tasid gestionaire form and visiting the ethanol. 5
\ ethanol plants allowed to give the

TauA19 LA TaNAFUNNTHAR D919 ULAR . . .
g E information  about their plants as

TWRA1779% 4 LATNINLTILINIANTANTIANARS LY summarized in Table 4. Figure 1 showed the

4 activiets during the plant visits.
3in 1
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Table 4 Information from the visited ethanol plants

AAU Falsseu eLGH Installed walulad *Energy
Capacit ratio
No. Plant name Feed stock pactty Technology process
(LPD) owner
1 fundwefne anrin du 200,000 BuLhe
anij3 Cassava Chip India
Subtip (Lopburi) 37.43
2 ulvedau tentueaiuan 90% 130,000 an
AN1A (NUNTU) TRULAL )
Tudu 100% China
Thai Ngaun
Cassava root
Ethanol
90%
(Khonkaen) .
Cassava chip
10% 11.98
3 w.lnsusanaeaadniniea 80% (200,000 i Buidle
RUIRIEEIL
Wudu 20% Japan and
Thai Alcohol India
Molasse 80%
(Nakornpathom) _
Cassava chip
20% 7.13
4 o Inefadeandesnninima 120,000 Dt
SR RESTE
Molasse Japan
Thai Roongreung|100%
Energy
(Saraburi) 18.34
UHINGABQUATIFEIT wih7




5 L.2eukiuueanagaaninuinig

QN6 YDA

Khonkaen
Alcohol

(Khonkaen)

1500,000 BuLAe

Molasse 80%

India

vanewin : * Energy ratioprocess A2 dndauzaandsaunlaainieniueannan 'l sendsanunldly

NITUIUNTEARLEN1LEALNNIY (THTaunaa9ny Tunnstlgn VUL auga)

note: * Energy ratioprocess is the ratio of Energy in ethanol to the energy used in the

production process only, not including the energy used in the agriculture portion.

5U% 1 usseniAnisdrmalasundneniuealulsumalng

Figure 1 Site visit and photos of ethanol plants
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2) IATNNTHARENIUBARNART1IA9IINU

Tudulsauausuy Ingan1iuledIneA1amn s

wazinalulagwialssmalne

3) naFauisulsy@nsninlunisuanie
nruaaand1an19unanulae Savwhamyces

.. Y aa o < oA
cerevisiae maeRINNIMNNLLLNTLATNIFALHRY

TAENUNINYNAEIURULAL

1.7 Ethanol production from sweet sorghum
in Thailand

It is found that, so far, there is no
commercial production of ethanol from
sweet sorghom vyet in Thailand. However,
there were some studies about sweet
sorghum as follows.

1) Development of ethanol production

process from sweet sorghum juice by
National research council and Khonkaen
University.

2) Ethanol production from sweet sorghum stalk by the

Thailand Institute of Scientific and Technological Research (TISTR)

3) Efficiency comparison of ethanol

production by batch and semi-continuous
using Savvhamyces cerevisiae by Khonkaen
University

UMINNABUATIFFIN
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1.8 wWauiisuAunuingaudIusUNISHARNLE

NMuaa

AINN17U sz UAUNUNITHART 19N 191U
LATAUYUNITNARLENIUBARINIRR AL UAAZTHA

1Y 1 IS v o a
Wmﬂmq%l’mm’]umqmmunuqmqmu 0.65 um

a

panlaniu uasdAfuuingausanisuanLann

q

wea 1 anain 10.79 v dedayafFauiiay

AUNUNITHAALENIUBARINTA ALTHAFNN WARS

1.8 Cost of raw material for ethanol
production

From the study, the agricultural cost for
1 kg of sweet sorghum is 0.65 baht/kg,
therefore the possible cost of the raw
material for ethanol production is 10.79
baht/liter. The comparison of raw material
cost among different raw materials are
summarized in Table 5.

Tum13799 5

A9199 5 AU UIRNALNINARLENIUEAAINTARALITIARNG"T

Table 5 Raw material cost for 1 liter of ethanol

Baaingaudicas L.
FIAIRYAL
va - AUNUINDALLWNNS
lanuaats 1 Ansg At S
AaNLANgal nantanuaa 1
[AUN AL (Alansa) (1) aR9 (L)
No. Raw maerial Raw r?aterial aw material| Raw material
quantity for 1 Price/kg | cost for 1liter
liter ethanol ethanol (baht)
(baht)
(kg)
nNLnANa
1 4.0 3.49 13.96
Molasses
Bl
2 14.3 0.87 12.44
Sugar cane juice
TudANUzuad (anAaz)
3 6.5 1.95 12.68
Cassava root
UHINGABQUATIFEIT wih 10




Ty

4 2.6 7.73 20.02
Cassava chip

i twaRedn T

5 2.7 7.10 19.17
Corn
A998

6 16.6 0.65 10.79

Sweet sorghum

UMINNABUATIFFIN w2
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2. Review on the research about the sweet

sorghum

2.1 Information about sweet sorghum in

Thailand

From the literature, the KKU 40 variety
is the most active sweet sorghum developed
and farmed in Thailand. This KKU40 is
developed by Khonkaen University. Another
breed of sweet sorghum is the “Suwan
sweet” variety developed by the Sweet orn
Research

and sorghum National

Center,Kasetsart University.

From the previous research, the yield of
the sweet sorghum is around 5-7 ton/rai and
the juice is 2,500-3,500 liter/rai. The cost of
stalk production is 650 baht/ton, hence the
cost of the sweet sorghum will be 10.79
baht/lietr ethanol (using conversion ratio of
16.6 kg stalk/1 liter ethanol).

2.2 Information about sweet sorghum in

other contries

From the literature, Praj (ethanol
company) in India can produce the ethanol
from sweet sorghum in commercial scale.
Praj has encouraged the farmer to cultivate
the sweet sorghum and supply to his
distiallery. Praj also promted that the sweet
sorghum demands less water and fertilizer
compared to other crops.

UMINNABUATIFFIN
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Belum, et al. lavnnnsAnsFauiiey

£
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A9n4Lal (anaerobic condition) %qmmmmm
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Belum, et al. compared the information
on cultivating the sugar cane and sweet
sorghum. They showed that the sweet
sorghum can be grown twice a year with the
water requirement of 1,280 m?®/rai/year
which is less than sugar cane about 28%. The
agriculture cost is also lower than sugar cane
about 40%.

2.3 Ethanol synthesis by biological methos

(Yeast fermentation)

Currently, ethanol production (indusrial
scale) can be processed by two method; 1)
chemical synthesis and 2) biological
syhthesis or yeast fermentation. For the
sweet sorghum, the yeast fermentation is
the most appropriate and detailed as
follows.

Fermentation is the process which
convert the sugar (mono-saccharide) to
ethanol. The most popular yeast used in the
industry is Saccharomyces cerevisiae (SC)
which grows well in the anaerobie condition

with the alcohol concentration upto 14-15

vol.%

The mojor advantages of vyeast
fermentation method is lower cost
comparing to the chemical method. Many
agriculture products can be used. Also, the
waste and by-product can be useful for
further activities.

UMINNABUATIFFIN
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2.4 Ethanol production technology
1) Production technology from starch
and sugar

technology,
especially from starch and sugar, have been

Ethanol production

developed for a long time. The recent
developedment is continuous fermentation
instead of batch fermentation such as

BIOSTIL, HIFERM-GR, HOECHST-UHDE, LRGI

ey STARCOSA.

2) Production technology from

cellulose

Technology on cellulose ferementation
has been developed continuously. Before,
it was separated between saccharification
and fermentation. Recently, simultaneous
saccharification and fermentation (SSF) has
been developed and implemented. The
disadvantage is that the enzyme and the
yeast have to work in the same condition (in
the same tank).
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3. N1922NUULTTIUAULLLUANRALANIUDA

Taelda1aWIamau

Trq9uABLULANINITeaNLULATH Turn
Down Ratio 13x3nu 70% Aa NANAIN1IHARTBS
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3. Design of the ethanol pilot plant using

sweet sorghum as feed stock

The pilot plant is designed to operate at
turn down ratio of 70% which means the
productivity and the quality of the product is
still similar to the full load at 70% capacity.
To guarantee the normal operation of 1000
LPD, the pilot palnt was designed the full
capacity at 1500 LPD. Other requirement are
met as follows.

1. The pilot palnt can produce 99.5%
ethanol at normal capacity of 1000 LPD by
using seet sorghum juice as raw material.

2. The detailed design and workshop
drawing is provided in the attached report.

3. In the design, the constrain on the
engineering, environmental, and waste
management are considered and included.
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3. Waste management suggestion is
included.

4. Waste to energy or useful by-
product is suggested.

4) Estimated cost of the pilot plant has
been included in the report. This cost is
based on the standard equipment used in
ethanolplane and reasonable quality and
price. The equipments are general and
domestically available.

In the designed ethanol plant, the
process can be divided into 8 parts as
follows.

Part 1 raw material and stem sieve
process section

Part 2 juice equalization section
Part 3 fermentation section
part 4 distillation section

part 5 Dehydration from 95% tobe
99.5% (molecular sieve dehydrator)

patrt 6 storage and filling section

part 7 utility, laboratory and
workshop section

part 8 waste water treatment section

UMINNABUATIFFIN wih 15
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The thumb rule on the standard ethanol
plant has been adopted in this project. Area
usage (or layout) of the plant is shown in
Figure 3. The pilot plant should need about
8-10 rai and be separated into zones as
follows.

Zone 1l for raw material stock and
preparation (area of 1 rai)

Zone 2,3,4, and 7 for production and
utility (area of 2 rai)

Zone 5 and 6 for office, weight bridge
and stock tank (area of 1 rai)

Zone 8 for raw water (area of 1 rai)

Zone 9 for waste management (area of
2 rai)

Zone 10 for green area, recreation,
road, and others (area of 3-4 rai)

4. Design and develop of the mobile juice
extractor

The mobile juice extractor is design and
and built based on the criterais listed below.

1) The mobile juive extractor must be
able to operate with the tractor sized of 80
hp appropriately.

2) The juice extractor can operate at

juice extraction efficiency of 60% (minimum)
compared to juice avaible in the stalk.
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3) The extraction capacity must be

more than 1 ton/hr.

The mobile juice extractor has been
build at the workshop at Ubon Ratchathani
University and tested at the Liquor Ditillery
Organisation  (LDO) at Chachengsao
province, as shown in Figue 4-5. The tested
has been done for 100 hr. using the sweet

sorghum stalk supplied by Khonkean
University and Sweet orn and sorghum
National Research  Center, Kasetsart
University (under the study co-operation). It
was found that the juice extraction capacity
was 1,051.86 kg/hr, averagely. The
extraction efficiency was 61.46% based on
the original juice. The juice extraction cost

(fuel and labour) was 150 baht/ton of stalk.

5U% 4 fuwuuiazesiivdnainsmaunesnuuy

Figure 4 Mobile juice extractor
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Figure 5 Testing of juice extraction at LDO
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5. Analysis on problem, challenge, and

strategy to support

5.1 Problem: through the project there were

some obstacle or weafness found as follows

1) The variety of the sweet sorghum in

Thailand is not that stable and their yields
are rely on many factors

2) Agriculture and also  ethanol

technology related to the sweet sorghum is
still needed.

3) Lack of appropriate technology

casues the higher cost in production. In
addition, some difficulties is the sweet
sorghum itself. For example, the leave and
flower should be avoid during juice
extraction to obtain the better sugar
content. This brigns to the higher cost of
harvesting and time comsuming.
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4) It is found that the yield and the

sweetness depend on the area (soil) and also
weather.

5) The sweet sorghum is a single crop

plant. It is not practical to grow by keeping
the original root like sugar cane. Therfore,
there will be a land prepapration and laboir
cost in every new crop.

5.2 Challenge

1) From the study, it is

found that
significantly high amount of

there is

mono-saccharide sugar in the
juice. This is a great benefit to
the fermentation process. The
yeast can convert this sugar to
alcohol in a shorter period and
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yielding the higher

fermentation efficiency.

2) The shorter crop (100-

110 days) provide a short
returns and possible to grow
in between the crop of other
plants.

3) The sweet sorghum has

very closed properties to cane
juice. It can be operate in the
same technology and also
grow in between the end of
the sugar cane season during
May to August.
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4) Sugar can technology

may be adapted to run with
the sweet sorghum juice. The
fermenatation technology is
also compatible. Only some
minor aspects need to be
adapted such as yeast stain
and operating conditions.

5.3 Suggestion and strategy to promote
1) Create the demand

To promote the farmer to grow the
sweet sorghum, there must be some
demand. The demand should come from the
industry. The industry should gauruntee the
price and support the farmers to produce
enough sweet sorghum. The contact farming
may be a good strategy to encourage the
farmer to produce the stalk.

2) Technology development

There should be supports on
technologies associated with sweet sorghum
ethanol. The development of the variety,
farming and havesting technologies, ethanol
production technology, all engineering and
environmental aspect. The pilot plant should
be build and really operated to investigate

the actual figures associated with the energy
consumption, vyield, cost, and other
fesibilities.
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2. “Ehanol production from sweet

sorghum juice under very high gravity
conditions: Batch, repeated-batch and scale

up fermentation” l#sunnsAnawWlu Electronic

Jounal of Biotechnology, vol14-issue 1 (2011)

3) Further research

There should further research on the
ethanol production from the stalk directly.
Due to the high amount of sugar and also
high cellulose in the stalk, the cellulose
technology should be investigated to
compare the production cost with the
conventional yeast fermentation. The pilot
plant may be needed to operate and find out
the real figures.

The by-product research is also important.
This will be an add-up value of the sweet
sorghum and make it possible to complete
with other crops.

6. Publications resulted from the study

In this project, the results from the study
were published in the research journals as
listed below.

1) “Selection of yeast stain and optimum
conditions for scale-up ethanol production
from sweet sorghum juice” KKU Research
Journal (Under consideration, submitted in
February 2011)

2) “Ehanol production from

sweet sorghum juice under
very high gravity conditions:
Batch,repeated-batch and scale
up fermentation” Electronic
Jounal of Biotechnology, vol14,

issue 1 (2011)
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