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Abstract

Thailand, as known as an agricultural country which highly competitive, assorted, and also successfully
exports greatly amount every year, which mainly produced agricultural and farm products such as rice, corn,
cassava, and sugarcane, the products are not only consumed domestically but also exported internationally as
well. Thailand has been highly used to produce ethanol from sugars and starches obtained from agricultural and
farm products and increasingly consumed by consumer inside and outside the country. As a result, the
agricultural products possibly remain less and could be insufficient to serve consumer demand in Thailand in the
near future. Moreover, Thai government is aimed to protect the durability of quantity and price of cassava and
sugarcane, to produce ethanol from cellulose is considered as another great option. Cellulosic ethanol or ethanol
produced from cellulose can be obtained from agricultural wastes, industrial and municipal wastes, and
dedicated energy crops. The main objective of this article is to encourage the country to produce ethanol from
cellulose, which Thailand has potential to produce ethanol from agricultural waste materials and also imitating
to Thai government’s policy. Furthermore, the purpose of this article is to encourage the country to plan for
ethanol production from dedicated energy crops that would not affect the domestically usage, as for consuming
and logistics, and internationally exports. Moreover, this article also aims Thailand to be the leading producer of
alternative energy to become a leading producer in ASEAN. Furthermore, this article also compares the benefits
of producing ethanol from cellulose and the other ethanol production methods as well. Thus, cellulosic ethanol
production in Thailand is interesting and should be encouraged in order to become a large producer of stability
energy and renewable energy in the Association of Southeast Asian Nations or ASEAN.
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1. Introduction

Ethanol is one type of renewable energy that has attracted worldwide attraction as a way of reducing
global warming and also reducing the usage of crude oil. Nowadays, the crude oil price has been highly
fluctuating as depending on various factors in the world including fundamental factor, sentimental factor,
technical factor, and miscellaneous factor such as an exchange rate. Many countries which imported crude oil
are searching for the way to helps reduced depending mainly on the crude oil which is a renewable energy
because it is not only reducing the import costs but renewable energy is also considered as a clean energy that
could be reduced global warming and improved global energy security.

Ethanol can be produce from agricultural and farm products such as rice, corn, cassava, and sugarcane
which are mainly on sugar and starch. Sugar is obtained from sugarcane and molasses, and starch is obtained
from cassava, rice, and corn. However, it has been considered by Thai government about the adequacy of raw
materials for producing ethanol whether it could be insufficient for producing ethanol in the very near future,
moreover, another issue is considered as producing ethanol from sugar and starch is likely consumed plants
edible of the country which may effects on increasing the food price such as the United Stated and China that
use corn as a raw material for ethanol production. As a result, various countries are implementing technologies
and searching for other solutions to produce ethanol in order to use another raw material instead of sugar and
starch which finally discovered as cellulose that could be derived from agricultural wastes forest residues,
industrial and municipal wastes, and dedicated energy crops.

Cellulosic ethanol or ethanol produced from cellulose is an ethanol which obtained from raw materials
such as rice straw, bagasse, cornstalk, and bark, which all of these contained lignocellulosic materials that
comprised mainly in a plant cell. In other words, cellulosic ethanol is ethanol produced from cellulose, the
stringy fiber of a plant, rather from the plant’s fruit. Lignocellulosic materials could be investigated as a source
of fermentable sugars for ethanol production and combined with hemicellulose and lignin. It is necessary to
remove the hemicelluloses and lignin out from cellulose in order to obtain only pure cellulose. The components
of pure cellulose could be transformed into ethanol by firstly transformed into sugar by acid hydrolysis or
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enzymatic hydrolysis method. After that, the sugar is then transformed into ethanol by using microorganism
techniques.

At present, Thailand has become one of the members of ASEAN Economic Community or AEC, which
comprises of Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore,
Thailand, and Vietnam. ASEAN countries have been rapidly economic growth since 1990 as a result of gasoline
consumption has increased dramatically. Furthermore, all countries in ASEAN have been concerned about a rise
in oil prices, bioethanol is an alternative that attracted great interest of all countries in the world. As an
advantage, ASEAN countries are located in a tropical zone and have high photosynthetic efficiency and low cost
agricultural production. As in Thailand has used an E10 policy that substitutes ethanol for 10% of all gasoline
consumed. The quantity of bioethanol produced and replaced with gasoline is shown in the table below except

Brunei because economies are small, Y. Kunimitsu et al 2013.

Table 1. Self-sufficiency within each country

Countries Production of Consumption Consumption Bioethanol/ Reduction of
Bioethanol of Bioethanol of Gasoline Gasoline CO,
(mL) (mL) (mL) (1000 ton)
Cambodia 21 21 205 0.10 7
Indonesia 1,851 1,851 18,507 0.10 487
Laos 3 3 33 0.10 3
Malaysia 210 210 10,845 0.02 70
Myanmar 51 51 508 0.10 61
Philippines 355 355 3,548 0.10 427
Singapore 0 0 1,093 0.00 0
Thailand 697 697 6,972 0.10 723
Vietnam 402 402 4,020 0.10 305
Total 3,589 3,589 45,732 0.08 2,083
Table 2. Production quota within ASEAN region
Countries Production of Consumption Consumption Bioethanol/ Reduction of
Bioethanol of Bioethanol of Gasoline Gasoline CO,
(mL) (mL) (mL) (1000 ton)
Cambodia 376 21 205 1.83 -441
Indonesia 38 1,851 18,507 0.00 2,821
Laos 260 3 33 7.79 -321
Malaysia 13 1,085 10,845 0.00 1,656
Myanmar 2,633 51 508 5.18 -3,154
Philippines 412 355 3,548 0.12 408
Singapore 0 109 1,093 0.00 167
Thailand 623 697 6,972 0.09 856
Vietnam 219 402 4,020 0.05 541
Total 4,573 4,573 45,732 0.10 2:535

2. Objectives

The main objective of this article is to encourage the country to produce ethanol from cellulose, which
Thailand has potential to produce ethanol from agricultural waste materials and also imitating to Thai
government’s policy. Furthermore, the purpose of this article is to encourage the country to plan for ethanol
production from dedicated energy crops that would not affect the domestically usage, as for consuming and
logistics, and internationally exports. Moreover, this article also aims Thailand to be the leading producer of
alternative energy to become a leading producer in ASEAN.

3. Methods

In Thailand, the data of 3™ quarter 2016 from Bank of Thailand 2016, the demand for ethanol is
approximately 3.6 million liters per day which increased from the previous year, BOT 2016. According to the
decreasing of crude oil price, the usage of car transportation has increased which affects the usage of gasohol oil
increased approximately 14.3% as well, or 2,639.2 million liters as shown in figure 1 and 2.
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Fig 1. Cumulative gasoline usage 2008-2016
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Fig 2. Cumulative gasohol usage in Thailand 2009-2016

For export, Thailand has not exported bioethanol to other countries yet according to the production
capacity. The production capacity in Thailand has approximately 3.5 million liters per day, or 83.3% of the
overall capacity, which has been increased from last year approximately 6.1% according to the increasing in
demand, even there had some problems occurred at the sugarcane ethanol factory according to the technical
terms.
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Fig 3. Production and usage of ethanol in Thailand 2011-2016

Total of existing ethanol factory in Thailand is 21 factories, and 2 factories are under construction
process, which has total production of 4,440,000 liters per day. Ethanol plants in Thailand are shown in table 3
and 4.
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Table 3. Existing Ethanol Plants in Thailand (Updated January 2016)

; Raw Target Capacity | Actual Capacity
s Trader Proyines Material (liter/day) (liter/day)
I Ef:l“at FAUalE S Nakhon Sawan Molasses 230,000 230,000
g || TaiSuggs Gilimel Kanchanaburi Molasses 200,000 100,000
Co., Ltd
g | MFiel Biomel Chaiyaphum Molasses 500,000 500,000
Co., Ltd
4 | Mt Phol Biafuel Kalasin Molasses 230,000 230,000
Co., Ltd
5 KI Ethanol Co., Ltd Nakhon Ratchasima Molasses 200,000 200,000
g | Khon Kaen.Aleohol Khon Kaen Molasses 150,000 150,000
Co., Ltd
7 | Uhgi koong Ruang Saraburi Molasses 120,000 120,000
Energy Co., Ltd.
Mitr Phol Biofuel .
8 Co., Ltd Suphanburi Molasses 200,000 200,000
9 Khon Kaen Alcohol Kanchanaburi Molasses 300,000 200,000
Co., Ltd
Mae Sod Clean
10 Energy Co., Ltd Tak Sugarcane 230,000 230,000
Ratchaburi Ethanol . Cassava/
11 Co., Ltd Ratchaburi Molasses 150,000 150,000
12 | ES Power Co., Ltd Sa Kaeo e 150,000 150,000
Molasses
13 | Thai Alcohol PLC Nakhon Pathom Cassava/ 200,000 200,000
Molasses
Thai Agro Energy ) Cassava/
14 PLC Suphanburi Milasses 350,000 350,000
15 | Sapthip Co., Ltd Lopburi Cassava 200,000 200,000
16 g]}i"(‘:‘ Ethaniol Fover Khon Kaen Cassava 130,000 130,000
17 | reLkmgEdarol Sa Kaco Cassava 300,000 150,000
Co., Ltd
P.S.C.Starch .
18 Produists Co., Lid Chonburi Cassava 150,000 150,000
19 | E85 Co., Ltd Prachinburi Cassava 500,000 250,000
20 ggmig;o Ethanol Ubon Ratchathani Cassava 400,000 400,000
21 glénaLI tr(ljterproduct Chachoengsao Cassava 150,000 150,000
Total 5,040,000 4,440,000

Table 4. Under construction ethanol plants in Thailand (Updated January 2016)

No. Trader Province Ml;t?:ial Tal;%iigg:;)city ACt(llliiLISg::;)City
22 I&KPE;};ZHIOI Cos Nakhon Ratchasima Cassava 340,000 -
I&KPE;I;ZHZO,I 3C0" Nakhon Ratchasima Cassava 680,000 “
5 [EIT | oo | Gt | non -
Total 1,220,000 -
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For cost of raw materials for ethanol production, ethanol that obtained from molasses costs 26.44 baht
per liter (calculated from the average price of molasses which is 4.15 baht per kilogram, Thai Customs 2016)
which increased from the last year approximately 12.1% as a result of an increasing in molasses price per
kilogram. Moreover, ethanol that obtained from cassava costs 17.67 baht per liter (calculated from the average
price of cassava which is 1.26 baht per kilogram, Office of Agricultural Economics 2016) which decreased from
the last year approximately 26.9% as a result of a decreasing in cassava price per kilogram because of low
percentage of starch.

For the stock of ethanol in Thailand in August 2016, approximately 69.3 million liters which could be
handled the usage in Thailand for about 19 days as shown in figure 4.

Ethanol Stock in Thailand

mL

Fig 4. Stock of ethanol in Thailand updated August 2016

Furthermore, in ASEAN countries as we can see from the table 1, Indonesia has the highest rate of
bioethanol consumption which is 1,851 million liters and production quota for ASEAN countries is 38 million
liters which is lower than other countries. The second rank country is Thailand which has consumption of 697
million liters with the production quota of 623 million liters which is the second rank after Myanmar. From the
data we can summarize that Thailand still has an opportunity to be the leader producer of bioethanol in ASEAN
as at present Thailand is in the second rank of both bioethanol consumption and bioethanol production quota for
ASEAN countries. Moreover, Thailand should be implemented the technology of bioethanol production from
cellulose as we can see that in a mean time, we use cassava and molasses as main ingredients for ethanol
production but there also has some problems occurred such as a decreasing of starch percentage in cassava and
the price of sugarcane is keep increasing. Nevertheless, cellulose might be another great key to fix these
problems as we can see the ethanol production from cellulose processes in figure 5, 6, and 7.
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Fig 5. Cellulose chemical structure
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Fig 7. Cellulosic ethanol production process

Moreover, the effective reduction of greenhouse effect and emissions is one of the most important issues
that concerned with ethanol production as we can see in table 5.

Table 5. Effective emissions reduction

Feedstock Energy Ratio Emissions Avoided
Sugarcane 9.3 89%
Corn 0.6-2.0 -30% to 38%
Wheat 0.97-1.11 19% to 47%
Sugar beet 1.2-1.8 35% to 56%
Cassava 1.6-1.7 63%
Lignocellulosic Residues 8.3-8.4 66% to 73%

4. Results and discussion

The agricultural products in Thailand such as cassava and sugarcane contain cellulose which is a main
ingredient for cellulosic ethanol production. In each year, Thailand has great amount of agricultural residues, for
instance, rice, corn, soybean, coconut, and oil palm. Thus, we can combine agricultural products with
agricultural residues to be raw material for cellulosic ethanol production. To increase bioethanol production in
Thailand should encourage Thai government to invest more on technology in order to support cellulosic ethanol
production.

5. Conclusions

Thailand is an agricultural country and also has great amount of agricultural products because Thailand is
located in a tropical zone and has high photosynthetic efficiency and low cost agricultural production which is
an advantage among many countries in the world. Agricultural and farm products that are planted in Thailand
such as rice, corn, cassava, and sugarcane, which are normally consumed domestically and also exported
internationally numerous amount every year. Thus, some fraction of total products are used to produce ethanol,
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