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The objectives of this research program were to evaluation of agricultural residues as
“potential source of ethanol production was conducted. From data gathered from many sources
and the surveys on major producing provinces suggested that unused agricultural residues
“could provide energy as high as 30 megatons oil equivalent (Mtoe) altogether. Rice straw with
7,297 ktoe. Sugarcane, shoots and leaves ranks second, accounted for 6,059 ktoe, cassava
waste and stems, corn stalk and leaves, and comn cobs, empty paim fruit, coconut dust

constitute for 6,117 ktoe, 665 ktoe, 587 ktoe and 133 ktoe per annum, respectively.

Rice straw is rich in central, northeast, and northern provinces, especially Nakhon
Sawan, Nakhon Rachasima, Ubol Ratchathani, Surin, Buri Ram, Si Sa Ket, and Khon Kaen, Roi
Et, Suphun Buri, and Phitsanulok. Sugarcane bagasses are recorded at high volume at central,
northeastern, and some northern provinces: Kanchanaburi, Nakhon Rachasima, Udorn
Ratchathani, Lopburi, Suphun Buri, Khon Kaen, Nakhon Sawan, Chaiyaphum and Kamphaeng
Phet. Cassava residues are plenty in northeastern and central provinces with the top production
at Nakhon Rachasima, Kamphaeng Phet, Chaiyaphum, Sa Kaeo, Chachoengsao, Chon Buri,
Kanchanaburi, Kalasin, Chanthaburi, and Rayong, respectively. Corn stalk and core are rich in
the North and Northeast provinces such as Petchabun, Nakhon Rachasima, Nakhon Sawan,
Tak, Lopburi, and Phayao province. Empty palm fruit is abundant and unused at Krabi, Surat

Thani, and Chumphon.

Residues that require collection from the fields are rice straw, corn stalk and cob. This
col_iection adds cost to ethanol production. Sugarcane bagasse, cassava residues and empty
palm fruits do not have gathering cost and are available in the respective factories. Plant
residues contain different proportions of cellulose, hemicelluloses and lignin contents but could

be treated with the same process.

Ethanol production using diluted and concentrated acid hydrolysis requires effective
recovery to reduce production cost. Acids hydrolyze cellulose and hemicelluloses to C5 and C6

sugars but could further produce toxic furfural compounds. Enzyme hydrolysis is effective but



costly. Organisms that could convert both types of sugars to ethanol is essential.
Thermochemical based gasification that uses temperature higher than 800°C in corporation with
either fermentation or catalysis appears to be more promising and cost effective than
hydrolysis/fermentation process. Production cost of cellulolytic ethanol in the United States for
any raw materials would cost 1.48-1.517 $/galEtOH which is 13.68-14.03 Baht/litre in Thailand.
For gasification, it costs less at 16.08 Baht/litre because of no pretreatment cost. The lowest
production  cost is  gasification/catalytic  conversion, followed by  cellulose

hydrolysis/fermentation and gasification/fermentation, respectively.

Trends of cellulosic ethanol production in the US indicate that the top productions are
from gasification/fermentation 130 mil gallon, enzymatic hydrolysis 105 mil gal,
gasification/catalyst 78 mil gal, diluted acid hydrolysis 37 mil gal, simultaneous

saccharification/fermentation 31 mil gal, and concentrated acid hydrolysis 21 mil gal.

Water hyacinth and cassava top were evaluated experimentally as substrates for ethanol
production using separated hydrolysis and fermentation (SHF) and simulianeous
saccharification and fermentation (SSF) methods. The milled water hyacinth leaves and roots
were pretreated with 0.1 M sulfuric acid and steam and further hydrolyzed by enzymes. Glucose
and reducing sugars in the hydrolysate of hyacinth leaves were 5.81 and 8.52 g/l, while those of
hyacinth roots were 4.83 and 5.99 g/l, respectively. For SSF using water hyacinth leave and
water hyacinth roots as substrates, the maximum ethanol yield per unit biomass and ethanol
production were obtained by S. cerevisiae KM 1195. For using water hyacinth as substrate for
SSF, the coculture of S. cerevisiae TISTR 5048 and C. fropicalis TISTR 5045 produced the
ethanol yield per unit biomass and ethanol production of 0.19 g (g—biomass)'1 and 2.81 g/,

respectively.

The maximum ethanol production rate using cassava leaves and cassava stalks as
substrates of SHF were obtained by S. cerevisise KM 1195 and cassava stalks using as
substrate were about two fold higher ethanol yield than cassava leaves. From this study, SSF

using cassava stalks as substrate produced about two fold higher ethanol yields than cassava



jeaves. This study showed that S. cerevisiae KM 1195 produced the maximum ethanol product

from both water hyacinth and cassava top.

Palm fiber was also used as a possible raw material for ethanol production. The
pretreatment by using NaOH 10% with boiling at 100°C (NaOH/boil) was compared to NaOH
10% with microwave (NaOH/microwave) and NaOH 10% with autoclave at 121°C (NaOH
Jautoclave) for 15 minute. It was found that pretreatment gave higher cellulose and lower
hemicellulose and lignin contents. All three pretreatment methods gave similar cellulose and
hemicelluloses contents. Cellulose of 56.5-60.4%, hemicellulose of 11.0-12.2% and lignin 18.6-
20.4% was obtained. After being prétreated, the palm fiber was hydrolyzed with cellulase and
“xylanase. It was found that pretreatment by using NaOH 10% with boiling at 100°C (NaOH/boil)
was suitable. The optimum condition for hydrolysis was cellulase of 8 FPU/g substrate and
xylanase 6 U/g substrate at 40°C. The maximum sugar content was 12.845 g/l within 3 days.
Furthermore, the palm fiber hydrolysate liquid from hydrolysis process was used for ethanol
production by Rhizopus oryzae STR 3099, Saccharomyces cerevisiae TISTR 5055 uac
Candida shehate TISTR 5834 under shaking speed of 150 rpm and no shaking. The result
showed that C. shehate TISTR 5834 gave the highest ethanol production of 3.24 g/l under no
shaking condition. Moreover, the prehydrolysate liquid obtained after pretreatment have no
potential for ethanol production in industrial scale due to low ethanol yield. This might be from
microbial inhibitors in prehydrolysate liquid. Finally, pretreated palm fiber was used by
hydrolysis and ethanol fermentation simultaneously with Mucor indicus STR 3237, M. hiemalis
STR 3047 uaz R. oryzae STR 3099. It was found that R. oryzae STR 3099 gave the highest
ethanol production of 0.24 and 1.27g/l without and with hydrolysis of cellulose and xylanease,
respectively under no shaking condition within 1 day. More works are needed to make the

production economically viable.

Sugarcane shoots and leaves have high potential for ethanol production. They consist of
cellulose and hemicellulose at 38 and 30.6% dry solid (DS) basis, respectively. The low level of
lignin content at 12.8%DS, which make the biomass easily broken, are benefit for size reduction.
The process of reducing sugar production includes size reduction chemical and heat

pretreatment and enzymatic hydrolysis. The optimum conditions after reduced size of biomass
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by chopper and blender, were accomplished by using sugarcane shoots and leaves particle
size 0-10 mm., 14%w/v (DS), pretreated with dilute sulfuric acid (1.5%w/v) by autoclaved at 121
°C, 15 Ib/in® for 15 min. After adjusted pH to 5, the Accellerase 1000 (40 FPU/g substrate) was
added to the pretreated biomass for enzymatic hydrolysis which conducted at 50 °C, 160 rpm.
After only 12 hours, the reducing sugars of 59 g/L or 386.38 mg/g substrate with holocellulose

conversion 50.69% were obtained.

The ethanol from cellulose research program provides useful information on potential 6f
agricultural residues in Thailand. They are, from high to low, sugarcane shoot and leaves, rice
stfaw, cassava stalk and residues, empty palm fruits, corn stalks and cobs, and coconut
wastes, respectively. The results indicated that agriculture residues need proper equipment for
gathering from farms. However, knowledge of efficient pre-treatment, and hydrolysis of
cellulosic materials are still not currently available. Therefore, more research works required for
efficient and economically viable production of ethanol are efficient pre-treatment methods, acid
hydrolysis and recovery, cost reduction of cellulose enzymes, efficiency of enzymatic treatment,
and efficient fermentation and separation processes. However, research on gasification
technology in Thailand is also in need to provide alternatives for ethanol production from a wide

range of cellulosic residues.

Keywords : Cellulose, lignocellulose, agricultural residues, straw, sugarcane shoots and leaves,
water hyacinth, cassava waste, pre treatment, acid hydrolysis, enzymatic hydrolysis, ethanol,

gasification





