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Feasibility Study on Cellulosic Ethanol Production in Commercial Scale.
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1. Project Principle

Biofuel development is one of the primary

objectives of the country’s  energy
development strategy to reduce the import and
becomes more self-dependent on energy, and
also being a choice for people regarding
and sustainable

sufficient economy

development. Ethanol production generally
uses two major raw materials that are (1)
sugar such as sugar cane and molasses and
(2) starch such as cassava, rice, and corn.
However, those raw materials are probably
insufficient for future ethanol production as
they are edible crops and may lead to rising
domestic food price. Many countries are
already  developed ethanol production
technology from other raw materials such as
cellulose, which is a plant residue.

Cellulose is a raw material that is
interested by scientists for ethanol production.
Ethanol being made from cellulose is an
ethanol that made of primary raw materials
such as rice straw, bagasse, bark, corncob,
and weed such as water hyacinth, grass, and

agricultural residue like tapioca root for
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example. Those materials contains
Lignocellulose, a carbohydrate organic
component that is the primary part of plant
cells created from a long connecting chain of
glucose molecules or glucose polymer, which
makes Ethanol being made from cellulose
possesses the same chemical characteristics
with Ethanol made from sugar and starch. If
such cellulose can be used for Ethanol
production then it will create value for them,
reduce the pollution from burning those
materials, and utilize the residue for maximum
benefit, therefore the Department of Alternative
Energy Development and Efficiency has
developed the feasibility study for commercial
production of cellulosic ethanol, with the target
to study technologies and feasibility of Ethanol
production from cellulose that is suitable for
Thailand for commercial purpose. The
objectives of the project are

(1) Study and development of Ethanol
production from cellulose.

(2) Study the feasibility to produce Ethanol

from various raw materials.

2. Ethanol production

Ethanol or Ethyl alcohol is an alcoholic
hydrocarbon compound. It is an organic

compound that composes of carbon,

hydrogen, and oxygen. It is able to dissolve
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either in water or another organic solution.
Ethanol is edible, and also use as energy in
the form of high purity anhydrous ethanol
(99.5% concentration by volume) or use as
hydrous ethanol. Various plants can be used
for Ethanol production by processing for

alcohol, and though other processes to

increase the alcohol concentration until it
becomes Ethanol. Ethanol can be mixed with
a gasoline and use as a vehicle engine. Plants
with single molecular sugar structure can be
used for Ethanol production, which can be
categorized to three groups as below

(1) Starch, which is cereals like rice,
wheat, corn, barley, sorghum and tuber like
cassava, potato, and sweet potato

(2) Sugar such as sugar cane, molasses,
beetroot, and sweet sorghum

(3) Fiber, which most of them is an
agricultural by-product such as rice bran, rice
straw, bagasse, corn cobs, wood chips, waste
paper, sawdust, weeds, and also residue from
industrial such as pulp and paper industry.

Currently many raw materials can be used
for Ethanol production such as sweet potato,
cassava and sugar cane, rice, corn, wheat and
sweet Ethanol amount

sorghum. being

produced from each raw material varies.
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1 ton of raw material The quantity of Ethanol
that can produce
(Litre)
mﬂ{i’mm (molasses) 260
800 (sugar cane) 70
Waudilznasda (potato) 180
912%14 (sorghum) 70
sy WB(EY 912 9111w ) cereals (like rice, corn ) 375
ffmzw%}n (coconut juice) 83
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Previously Ethanol development technology
has been limited to the use of sugar, starch, or
corn, which are key raw materials for Ethanol
production, and their price increases as they
have been adopted for Ethanol production. The
new technologies for Ethanol production such
as Ethanol production from Lignocellulosic
biomass are such as tree residue, wood chip,
paper, grass, rice straw. The process transfers
Lignocellulosic biomass to sugar, and then
process sugar to obtain Ethanol. The primay
ingredients of Lignocellulosic biomass are such
as cellulose, hemicellulose, or lignin. Cellulose
and hemicellulose consist of long molecular
glocuse chain and secondary substance like
lignin that creates the durability of the tree.

Lignin is similar to coal in the aspect that it
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provides high energy level like coal but with
better combustion because it has no sulfur.
Lignin is able to use for Ethanol production. The
amount of cellulose, hemicellulose, and lignin
vary according to the species and growing

condition of each plant according to Table 2-1.

d' 4 a =3 ]
3190 2-1 paA1lsznovvesan luwag laa luaiuianias

Table 2-1 The elements of Lignocellulosic in biomass.

The complements in Plant cell (%)
Biomass

Cellulose Hemicellulose Lignin
i (Rice straw) 32.1 24 125
vhatad (Wheat straw) 30.5 28.4 18
¥1Ud08 (Bagasse) 33.4 30 18.9
#3912 Ina (Corncob) 45 35 15
fuihdu (Palm tree) 37.14 30.59 22.32
Auiiudilznas (Potato) 32.2 13.85 26.96

fn: wssad la, 2545

[

aaﬁﬂiumagiaﬁﬂ (Lignocellulosic material)
Haaulsznoundn Tdun iwaglad (Cellulose)
wliyag laer (Hemicellulose) 11 aniu (Lignin) A9

paaalugaln 2-1 waggaln 2-2

The elements of Lignocellulosic material
are such as Cellulose, Hemicellulose and Lignin

according to picture 2-1 and picture 2-2.
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Picture2-1 The elements in biomass

an: http://www.Ibl.gov/Publications/YOS/Feb/
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Most elements in

plant cell wall

I 1
Lignin

Polysaccharide

(Holocellulose)

|
Cellulose

D-glucose sugar
caused by

Biodegradation

Polysaccharide
(none cellulose)

(hemicellulose)

Single-molecule
caused by

Biodegradation

Acetyl group Uronic acid

And Metoxilouronic acid

| 1
Pentose sugar Hexose sugar
(Xylose) (Glucose)

(Arabinose) (Mannose)

(Galactose)
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Picture 2-2 The elements in plant cell wall

fi3n: wisad la, 2545
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3. Raw material selection for Ethanol

production from cellulose

The advisor has studied five agricultural
residues before shortlisted three of them that
are appropriate in both price and volume for
commercial Ethanol production to use as raw
materials for Ethanol production from cellulose
from non-edible plant or plants that having less
utilization or residue that is appropriate in both
value and volume. The appropriate plants that
are suitable for Ethanol production apart from
cellulose should be short-lived plant or
agricultural residue. The target of the study is
biomass plants as they are organic substances
that store natural energy and able to use for
energy production. Five biomass plants that are
appropriate for the research are corncob, rice
straw, bagasse, palm tree and cassava root.

The selection criteria for commercial
Ethanol production from cellulose concerning
the amount of cellulose in the raw material,
which must be sufficient for all-year commercial
production, able to find it easily at a cheap
price, and able to generate the large amount of
Ethanol per unit. The selected material is

bagasse, corncob, and rice straw.
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4. Harvest, transportation and appropriate

storage condition

The appropriate studying process about
harvesting, storage, and transportation for
commercial Ethanol production found the
logistic and transportation problem and observe
high risk for providing stable biomass volume
throughout the year as some of them are
limited and needed large storage space,
therefore, development of transportation and
storage are very essential. The summary of
harvesting, storage, and transportation for
bagasse, corncob, and rice straw are listed

below.
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Table 4-1 The summary of harvesting, storage, and transportation for 3 raw materials
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5. The optimal Ethanol production from

cellulose study

The Ethanol production from lignocellulose
can be done in two ways

(1) Gasification

Gasification turns biomass, which has
carbon, hydrogen, and oxygen, to become
combustible gas or breaking cellulose carbon
compound to become carbon monoxide, carbon
dioxide and hydrogen. Such process is an
limited oxygen organic combustion process and
generates incomplete combustion, and then
ferment with microorganism until it becomes
alcohol and extract to Ethanol. This process
has a limitation as suitable biomass should

possess the following characteristic

(1) Appropriate size and consistency

(2) Low humidity for better performance
(should not exceed 20-30%)

(3) Appropriate and consistent bulk density

The advantage of gasification is it suits the
small electricity generation (less than 1 MW) so
it is ideal to use with limited energy area and
remote area with no electricity access.

The disadvantage of gasification is the
contamination of tar in the gas, so we must
eliminate or decrease it in order to prevent
engine problems. Moreover, if the combustion
has not been designed properly and providing
inconsistent energy quality (size, humidity, ash

content, heating value) then the fuel will have
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inconsistent quality and the electrical generation
will not consistent as well. Generating electricity
from fuel by engine requires mechanics to

standby for appropriate maintenance.

(2) Cellulolysis

Cellulolysis is a decomposition of cellulose
to become glucose, and then ferment with
microorganism to arrive at alcohol, and extract
to Ethanol. The advantage of cellulosis Ethanol
production is

(1) The raw material is easy to find
because cellulose is the main component of
various plants, and able to utilize unused part of
plants such as bagasse, corncob, and rice
straw for production.

(2) The production and the use of Ethanol
made from cellulose can reduce greenhouse
gas as much as 85% comparing with gasoline
usage. While the production and the use of
Ethanol made from starch can reduce
greenhouse gas by 18-29%

(3) Reduce the problem for edible food
shortage because cellulose is non-digestible for
human, the raw material used are therefore non

edible.

(4) More material to produce Ethanol as
each part of plants can be used for production,
such as sugar cane juice can be used for
Ethanol production using the same
methodology while its residue can be used for

cellulosic Ethanol production.
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From both types of Ethanol production, it has
been found that Gasification requires complex
combustion equipments and requires technical
expertise to supervise the installation system,
therefore, this method requires higher
investment cost than Cellulolysis that requires
lower investment cost by using residue for
agricultural items that are easily to find from
agricultural areas. Cellulolysis is more practical

and economical optimality.

6. Ethanol production from Cellulose

research study

Using cellulose for Ethanol production
consists of the important step such as (1)
cellulose pretreatment to eliminate other
components such as lignin and hemicellulose,
making the cellulose structure appropriate and
maximize the surface area for enzyme reaction,
(2) cellulose hydrolysis to get reducing sugar,
(3) fermentation is the use of reducing sugar for
Ethanol production. During the feasibility study
for commercial production in Thailand, it has
been found that rice straw has the highest
amount of cellulose and hemicellulose, at 97.28
percent, while bagasse and corncob has the

amount of cellulose and hemicellulose at 83.21
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and 85.73 percent respectively.

The appropriate condition for cellulose
treatment to eliminate lignin and hemicellulose
to make the cellulose structure appropriate and
maximize the area for enzyme reaction is, for
rice straw and bagasse, put in the 2-percent
Sodium Hydroxide solution for 24 hours. While
the most appropriate corncob treatment is using
170

chemical methodologies and heat at

Celsius degree for 5 minutes.

The most appropriate condition for
hydrolysis to obtain reducing sugar. The most
appropriate condition in digesting cellulose in
rice straw, bagasse, and corncob which have
been treated by the enzyme by adjusting pH,
concentration, and reaction time, to get the
maximum reducing sugar with less enzyme
being used. This can reduce the cost of

enzyme digestion (see Table 6-1)

M0 6-1 anzmsdesaaisrag laaMivingaud s urINIauAaz ¥iia

Table 6-1 The most appropriate condition in digesting cellulose in each biomass

Biomass The enzyme pH Time (hours) | The quantity of
concentration reducing sugar
level (FPU/Q) (gram per litre)

et (Rice straw) 15 55 1 9.78
¥1Ud08 (Bagasse) 10 5 4 9.02
F9412 Tna (Corncob) 10 5 4 8.74
sonuagldmiuduims 13
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The most appropriate condition in
producing Ethanol from rice straw is the state
that rice straw has been chemically treated by
being put in the 2-percent Sodium Hydroxide
solution for 24 hours and digest to get reducing
sugar at the enzyme concentration level of 15
FPU/g in the citrate buffer solution that has pH
= 55 for one hour, and fermented with
Zymomonas mobilis with pH = 5. This will make

the Ethanol production highest comparing to the

U

“ e - 2 om oy . theoretical value that is 17.50 percent, or
17.50 veuaulsateniueannanla 1.71 niu _ _
equivalent to 1.71 gram per litre of Ethanol.
190617
2%W/V NaOH
(1:10 Biomass weight : Solution)
i Hydrolysis
1ton of Rice straw Pre-Treatment for > v vs!
- Cellulose : 70.55% 24 hours atroom | o pH 5.5
ice straw the enzyme concentration level of 15 FPU/
- Hemicellulose: 26.73% | Temperature Y g
= Cellulose: 88.96% 1 hour
- Lignin: 2.72%
- Hemicellulose: 10.04% Reducing sugar 270 kg.
- Lignin: 1.01% v (9.78 gram per litre)
Fermentation
101 litres of ethanol 7 gram per litre of reducing sugar Z. mobilis
(1.71 gram per litre) < pH 5 ¢
(17.50% Compared with theory) Temperature 30 C
48 hours
. R Y
37 6-1 Mmawaaemueaninag Jaalurang
Picture 6-1 Producing Ethanol from cellulose in rice straw
sonuagldmiuduims 14
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2%W/V NaOH

(1:10 Biomass weight : Solution)

.

Pre-Treatment for

1 ton of bagasse

The most appropriate condition in
producing Ethanol from bagasse is the state
that bagasse has been chemically treated by
being put in the 2-percent Sodium Hydroxide
solution for 24 hours and digest to get reducing
sugar at the enzyme concentration level of 10
FTU/g in the citrate buffer solution that has pH
= 5.5 for four hours, and fermented with
Zymomonas mobilis with pH = 5.08. This will
make the Ethanol production highest comparing
to the theoretical value that is 24.63 percent, or

equivalent to 1.38 gram per litre of Ethanol.

A\ 4

Hydrolysis

- Cellulose: 63.00% |

24 hours at room Bagasee

- Hemicellulose: 20.21% Temperature

- Lignin: 16.79%

- Lignin: 6.88%

= Cellulose: 86.90%

- Hemicellulose: 6.22%

pH 5
the enzyme concentration level of 10 FPU/g

4 hours

Reducing sugar 312 kg.
(9.02 gram per litre)

A 4

Fermentation
139 litres of ethanol . . Z. mobilis
5 gram per litre of reducing sugar
(1.38 gram per litre) < pH 5.08 —
(24.63% Compared with theory) Temperature 30 c
48 hours
q‘ a Y
31U 6-2 mIwaaemueannrag laalumuses
Picture 6-2 Producing Ethanol from cellulose in bagasse
o v Y Aa
TenuagldmsuguIms 15
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diaraadnieldaninzariududuieu'lyy) reducing sugar at the enzyme concentration

\yagiad 10 FPU/g Tugsacasdiasatilios e level of 10 FTU/g in the citrate buffer solution

3 ' 2 ¢ 0 o that has pH = 5 for four hours, and fermented
anutunsaas 5 Wunar 4 ¥ 19 Mmsrinae

2 & . : . with Zymomonas mobilis with pH = 5. This will

1%® Zymomonas mobilis nmanuduniaaie 5 11

o Yy - a e “ make the Ethanol production highest comparing

Gl”l’ill@]ﬁ@&lﬁ%miﬂﬁmﬁ]‘mu@ﬁm&mﬂ“Uﬂ11/11@1/11]‘191;]@\1
“ v e - 4 to the theoretical value that is 35.81 percent, or

99 A0 J080% 35.81 nsomnudsuaeniuean

=h.

~ uy A equivalent to 1.79 gram per litre of Ethanol.
wan la 1.79 nSuAeang

2%W/V NaOH 1%VIV H,SO,4
(1:10 Biomass weight : Solution)

Vo

1 ton of corncob Pre-Treatment Hydrolysis

- Cellulose: 66.52% — Room temperature 170°C > pH 5

- Hemicellulose : 19.21% 24 hours Sminutes | o ob the enzyme concentration level of 10 FPU/g
- Lignin: 14.27% - Cellulose: 92.25% 4 hours

- Hemicellulose: 4.15%
- Lignin: 3.60% Reducing sugar 328 kg.
(8.74 gram per litre)

v

Fermentation

215 litres of ethanol 5 gram per litre of reducing sugar | Z. mobilis
(1.79 gram per litre) <4—| pH5 -
(35.81% Compared with theory) Temperature 30 C

48 hours

511 6-3 MawaaoMueanInyan laalusadia Tna

U U

Picture 6-3 Producing Ethanol from cellulose in corncob
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(Financial Rate of Return : FIRR) NN 36.97%
gamﬁ%@ﬂ’uﬁ;{m% (Net Present Value : NPV) 11101

Y [ U 4 9
73.85 a1UUIN ’e)mwmuwaﬂiﬂwumwunu

(Benefit Cost Ratio : BCR) 1M171 4.04 Tagliduny
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nu2 1
a 4 9 4 =
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J
IATHIAIOAT (Economic Internal Rate of Return :
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a1 Y .
wailsz TowiaeaunNy (Benefit Cost Ratio : BCR)

7. Investment feasibility analysis
for cellulosic ethanol production in

commercial scale

The analysis result shows that production
from all three type of raw materials have a
breakeven point at 500,000 litres per day. The
most beneficial investment is the investment for
1,000,000 litres daily capacity in the project
where the degradable cost is zero, and requires
investment in all equipment except machinery
that has been supported by the government.
The financial and economic analysis is as

below

(7.1) Ethanol production factory by using
rice straw

(1) Financial analysis — the project has the
financial rate of return (FIRR) at 36.97%, the
net present value (NPV) of 73.85 million baht,
the benefit to cost ratio (BCR) is 4.04, the cost
of production is 3.17 baht per litre and the
breakeven period is 2 years.

(2) Economic analysis — the project has the
(EIRR) at
40.32%, the net present value (NPV) of 76.35

million baht, the benefit to cost ratio (BCR) is

economic internal rate of return

4.34, the cost of production is 2.95 baht per litre

and the breakeven period is 2 years.
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(7.2) Ethanol production factory by using
bagasse

(1) Financial analysis — the project has the
financial rate of return (FIRR) at 38.95%, the
net present value (NPV) of 78.75 million baht,
the benefit to cost ratio (BCR) is 5.48, the cost
of production is 2.34 baht per litre and the
breakeven period is 2 years.

(2) Economic analysis — the project has the
economic (EIRR) at
42.30%, the net present value (NPV) of 80.90
million baht, the benefit to cost ratio (BCR) is

internal rate of return

5.89, the cost of production is 2.18 baht per litre

and the breakeven period is 2 years.

(7.3) Ethanol production factory by using
corncob

(1) Financial analysis — the project has the
financial rate of return (FIRR) at 34.63%, the
net present value (NPV) of 68.08 million baht,
the benefit to cost ratio (BCR) is 3.08, the cost
of production is 4.15 baht per litre and the

breakeven period is 2 years.

Y a

PenuagldmivguIms

U

18



Tasesmsanuanudlul) 1@ lumswaaeniuea

nnag lasFamnaisd

(2) MIUATEHNNWATHIMEAS 1590153
pasianeuununtoluveslnsInITnIva Iy
IATHY mans (Economic Internal Rate of Return :
EIRR) 1M1 37.97 % 3af11j991iugnT (Net Present

Value : NPV) (M191 70.98 a11UIN 0a31a2u

d 9 -
waﬂﬁﬂwumamu‘wu (Benefit Cost Ratio

q

: BCR)
MInD 3.32 TaelidunumsHanininy 3.86 UINAD

a =S A =
A7 LASNTTISINAUNU 2 1

(2) Economic analysis — the project has the

economic internal rate of return (EIRR) at
37.97%, the net present value (NPV) of 70.98
million baht, the benefit to cost ratio (BCR) is
3.32, the cost of production is 3.86 baht per litre

and the breakeven period is 2 years.
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Table 7-1 The results from cost-benefit analysis of each pilot project.

Results of analysis
Financial Economics
Raw
material | Production Payback | Production Payback
NPV FIRR NPV EIRR
cost BCR period cost BCR period
. (M) (%) ) (M) (%)
(B/litre) (years) (B/litre) (years)
Rice 3.17 73.85 4.04 36.97 2 2.95 76.35 4.34 40.32 2
Bagasse 2.34 78.75 5.48 38.95 2 2.18 80.90 5.89 | 4230 2
Corncob 4.15 68.08 3.08 34.63 2 3.86 70.98 3.32 37.97 2
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The Ethanol production developed by using
rice straw, bagasse, and corncob as raw
materials need to be concern about various
factors as the production cost remains high.
The cost-cutting in the production process
should be implemented, such as reduce the
cost of chemical substances, develop cellulose
enzyme for Dbetter biomass degradable
performance, develop microorganism for better
Ethanol production, or develop microorganism

species used in the fermentation process for
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Cellulose to Ethanol Development Plan

Detail/Time 55 56 57 58 59 60 61 62 63 64 65
PEITHIIEELESTT | 50 100 1000 | 1000 | 10000 | 10000 | So000 | 100000 | S000CO | 1000000
[Litres/Day)
Budgets (MB) 50 | 200 . 500 . 1000 S
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Picture 8-1 Cellulose to Ethanol Development Plan (2012 — 2022)
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(8.1) Short-term plan (2012-2016)

(1) Support the cellulose research and

development for better degradable
performance.
(2) Support the development of

microorganism for better Ethanol production
performance.

(3) Allocate budget and integrate with all
relevant parties for continuously research,
development and promotion.

(4) Study Ethanol production from cellulose
in both macro and micro scale and develop the
commercial feasibility and implement for
practical operations.

(5) Study transportation management and
storage for raw materials to be used for Ethanol
production from cellulose.

(6) Promote the Ethanol industry and fully
financially support the development of the
prototype factory, allow tax and investment
benefit to persuade entrepreneurs, and support
investment and risk insurance through ESCO
fund.

(8.2) Long-term plan (2017-2022)

(1) Support the establishment of Ethanol
production factory from cellulose with fully
financial support.

(2) Support economically feasible
alternative energy.

(3) Support the Ethanol and alternative
energy technology export in the ASEAN

region.
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(4) Develop the Ethanol production
technology for more economically feasible and
develop the prototype Ethanol production from
cellulose factory to strengthen the alternative
energy production at the community level

(5) Initiate the appropriate measurement for
the establishment of Ethanol production factory

from cellulose that is fair to the society.
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