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o3RS EPRE R FER AT
[ Pretreatment efficiency and structural characterization of rice straw by an
integrated process of dilute-acid and steam explosion for bioethanol
production, Bioresource Technology 102 (2011) 2916-2924 (INER-7876)]) : The
combined pretreatment of rice straw using dilute-acid and steam explosion
followed by enzymatic hydrolysis was investigated and compared with
acid-catalyzed steam explosion pretreatment. In addition to measuring the chemical
composition, including glucan, xylan and lignin content, changes in rice straw
features after pretreatment were investigated in terms of the straw’s physical
properties. The properties included crystallinity, surface area, mean particle size
and scanning electron microscopy imagery. The effect of acid concentration on the
acid-catalyzed steam explosion was studied in a range between 1% and 15% acid
at 180 <C for 2 min. We also investigated the influence of the residence time of the
steam explosion in the combined pretreatment and the optimum conditions for the
dilute-acid hydrolysis step in order to develop an integrated process for the
dilute-acid and steam explosion. The optimum operational conditions for the first
dilute-acid hydrolysis step were determined to be 165°C for 2 min with 2% H2S04
and for the second steam explosion step was to be carried out at 1809C for 20 min;
this gave the most favorable combination in terms of an integrated process. We
found that rice straw pretreated by the dilute-acid/steam explosions had a higher
xylose yield, a lower level of inhibitor in the hydrolysate and a greater degree of
enzymatic hydrolysis; this resulted in a 1.5-fold increase in the overall sugar yield

when compared to the acid-catalyzed steam explosion.

2. [ Pretreatment of rice straw using an extrusion/extraction process at

28



ST FEHoy

bench-scale for producing cellulosic ethanol, Bioresource Technology 102
(2011) 10451-10458 (INER-8617) )J: A combination of a twin-screw extrusion and
an acid-catalyzed hot water extraction process performed at a bench-scale was
used to prepare high monomeric xylose hydrolysate for cellulosic production. The
influences of the screw speed (30-150 rpm), barrel temperature (80-160 °C) and
corresponding specific mechanical energy of the extruder on the structural
properties of the pretreated rice straw, sugar concentration and conversion were
investigated. The optimal condition for the extrusion step was determined to be 40
rpm with 3% H,SO, at 120 °C; the optimal condition for the extraction step was
determined to be 130 °C for 20 min. After the pretreatment at the optimal
condition, 83.7% of the xylan was converted to monomeric xylose, and the
concentration reached levels of 53.7 g/L. Finally, after the subsequent enzymatic
hydrolysis, an 80% yield of the total saccharification was obtained.

3. [ Functional Screening of Cellulase-secreting Microbes from Herbivores
Feces. Proceeding of 2011 First International Conference on Cellular,
Molecular Biology, Biophysics and Bioengineering. 5, 455-9, 2011. (EI)] : The
research was aimed to isolate special microbes from digestive system of
herbivores for the development of lignocellulosic materials conversion
technologies. The microbes expected to be particularly applied to bioenergy
industry. In this study, special enzymes-producing microbes from local herbivores
feces were screened by functional halo-zone plate assay. Particularly avicelase,
CMCase and xylanase-secreting bacteria were successfully isolated from the feces
of zebra, camel, giraffe and Taiwan water buffalo. The polymerasechain reaction
(PCR) to analyze the 16S rRNA gene sequences to demonstrate the biodiversity in
the feces samples with cellulosic enzymes. The 16S rRNA sequences of the
isolates from Aoudad sheep feces were compared with the sequences of related
bacteria in the NCBI GeneBank to construct a phylogenetic tree. According to

physiological and biochemical characteristics, 16S rRNA sequences and
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phylogenetic analysis, 11 isolated isolated bacterial strains were classified into
three groups. Strain S-10 in Group | had the highest similarity to Endophytic
bacterium MD3 (100%) or Streptomyces sp. VITTKGB (100%). Group Il and I11
which contained 2 and 9 strains of the genus Bacillus are the dominant group in
Aoudad sheep feces. The research results indicated that there are not only
abundant phylogenetic diversity of cellulose-secreting bacteria, but also some
unknown bacterial function existed in herbivores feces.

4. [ Preliminary study of rice straw as a biomaterial to enhance ethanol
production for pentose sugars. Proceeding of 2011 First International
Conference on Cellular, Molecular Biology, Biophysics and Bioengineering. 5,
505-9. (El)]) : A technology for enhancing ethanol production by C5 sugar
fermentation was successfully demonstrated at pilot-scale. Generally, the severe
conditions of acid hydrolysis pretreatment are often employed to facilitate the
release of monosaccharide in enzyme hydrolysis. This will lead more inhibitors
into C5 sugars stream and dramatically influenced the performance of
fermentation. We have explored a way to improve ethanol production for C5
sugars by extra adding a biomaterial, which is made from rice straw with the
chemical and biological treatment. This technology has been successful used for
fermentation of rice straw hydrolysate, which was prepared from 200°C steam
explosion pretreatment. The ethanol yield was only 0.40 gp/gs for fermentation of
this hemicellulose hydrolysate by an enhanced inhibitor-tolerant strain of Pichia
stipitis. Interestingly, when a 5%(w/w) biomaterials were added during the
fermentation of hydrolysate, the ethanol yield increased to 0.45 gp/gs, which
corresponds to a 88% of conversion efficiency. This indicated the technology
indeed increased the conversion efficiency up to 10% for C5 sugars fermentation.
Moreover, the ethanol productivity somewhat increased 1.1 folds after
biomaterials added. These results showed this technology is considered as an

attractive way to improve the economics and conversion efficiency of C5 sugars
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fermentation for cellulosic ethanol production.

5. [Effect of aeration rate and conditioning methods on xylose fermentation of
rice straw hydrolysate by Pichia stipitis to produce ethanol., Bioresource
Technology] : This study was aimed to develop the fermentation of xylose for
ethanol production by a lignocellulosic hydrolysate-adapted strain, Pichia stipitis.
The results have indicated the amount of released lignin derivatives was a major
factor in determining the fermentation availability of rice straw hydrolysate. The
highest ethanol yield obtained was 0.44 gp/gs and this was when the aeration rate
was controlled at 0.05vvm when fermentating overliming-detoxified hydrolysate.
Hydrolysate conditioning with ammonia and NaOH neutralization only gave
0.39£0.01 gp/gs and 0.34+0.01 gp/gs of ethanol yield, respectively. In addition, a
novel method was used to measure yeast cell numbers and this showed that the
cell density may be a major determining factor controlling the conversion of
xylose into ethanol in the hydrolysates produced by different conditioning
methods. A higher cell density together with a increase in cell numbers was only
found when fermentating the overliming-detoxified hydrolysate. Cell aggregation
was also found but this shown no obvious influence on ethanol fermentation.

6. [Improved Operating Policy Utilizing Aerobic Operation for Fermentation
Process to Produce Bio-ethanol. Bioprocess and Biosystems Engineering] :
Using starch or cellulose as feedstock for bio-ethanol production is an important
operation worthy of research and development. To enhance the productivity of the
alcohol fermentation process, combined aerobic and anaerobic fed-batch
operation could improve the growth of microbes and also achieve better alcohol
production because of well-utilizing the characteristics of the microbial
metabolism. Using a recent published realistic model, simulation result shows that
the highest productivity can be resulted from using a proposed fed-batch
operation with high glucose concentration. Although during aerobic operation part
of glucose will be fully oxidized causing some decrease of the overall alcohol
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production, however, this part of the glucose can be from the residual glucose in
the anaerobic fermentation which will be remained in the fermentor anyway. Thus,
by combining initial aerobic operation to increase the biomass formation in the
early phase of the fed-batch operation and then followed by the anaerobic
operation to accelerate the alcohol production in the later phase could improve the
overall alcohol productivity without sacrificing too much of the ethanol yield
ratio.

7. [Effect of hydrophobicity of humic substances on electro-ultrafiltration,
Desalination, 2011 in press ) : One of the critical issues in the application of
membrane filtration to drinking water treatment is fouling by natural organic
matter (NOM). In order to better understand fouling, Aldrich humic substances
(AHSSs), a surrogate NOM, were fractionated into hydrophilic fraction (HPIF) and
hydrophobic fraction (HPOF) using DAX-8 resin and then fed into an
electro-ultrafiltration (EUF) system. The fractionation performance was validated
by contact angle measurement. Results showed that the HPIF deposited
membrane had a lower contact angle than the HPOF deposited one. The EUF cell
was operated in a constant pressure mode for 5 h with and without electric voltage.
It was observed that in the absence of an electric field, HPIF caused more severe
fouling than HPOF. After applying the electrical voltage, the flux decline
decreased due to electrokinetic interactions. In addition, HPOF had a lower flux
decline and higher total permeate volume than HPIF, indicating a higher
electrophoretic mobility of HPOF. Due to the relatively low apparent
electrophoretic mobility (AEM) of HPIF, the flux decline was the highest after
applying electricity. Furthermore, the removal efficiency of total organic carbon
(TOC) increased by more than 10%, 30% and 13% for the un-fractionated, HPOF,
and HIPF, respectively, at 2985 V/m.

8. [Technology and production of cellulosic ethanol in a pilot plant in Taiwan,
Journal of Energy and Power Engineering, 5, 928-933 (2011) J: In concert with
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governmental policy for promoting the use of biofuels, the Institute of Nuclear
Energy Research (INER) is dedicated to the research and development of
technologies for cellulosic ethanol production. A pilot plant for cellulosic ethanol
production with a capacity of one ton in dry biomass per day was established in
2007 and launched test-run operations for mass production in early 2010. The
feedstock is focused on rice straw currently, but is also flexible for sugarcane
bagasse and hardwood. The operative experiences and the experimental data will
provide valuable information for the evaluation of production cost as well as the
foundation for design of a commercial production plant in Taiwan. Additionally,
this pilot plant will also serve as an important platform for validation of
technologies related to cellulosic ethanol production and biorefinery operations.
The biomass-to-ethanol process of this plant is based on the route of biochemical
conversions. Developed and developing technologies, such as acid hydrolysis
pretreatment, high solid to liquid ratio hydrolysis, in-house cellulase production,
xylose fermentation, and the distillation and dehydration processes will be
introduced.

9. [ Molecular dynamic simulations of polymeric structure and
alcohol-membrane surface affinity of aromatic polyamide membranes,
Journal of Membrane Science, 382, 30-40 (2011) ) : A molecular dynamics (MD)
technique was adopted to investigate the free volume, operational temperature
effects, feed solution—membrane surface affinity, and water/alcohol diffusion
mechanism of aromatic polyamide (PA) membranes for pervaporation (PV)
applications. An isothermal-isobaric ensemble (i.e. NPT ensemble) was adopted
to analyze the fractional free volume, the fractional accessible volume, and the
cavity size distribution of PA membranes at different operational temperatures.
The free volume and cavity size analyses indicated that bulkier side groups
enhanced the formation of larger free volumes, which increased permeation rates.

Increased temperature induced chain mobility and enlarged the cavity size of the

33



o o FHhor

membrane. During feed solution—membrane affinity analysis, the alcohols showed
a higher interaction with the membrane surface as compared to the water
molecules. The diffusion mechanism of water/methanol in the membrane matrix
suggested that methanol had a shorter displacement distance relative to the water
due to its larger size and stronger interaction with the membrane. Results from the
MD simulation agreed well with those from experimental studies reported in the
literatures, which demonstrated that this theoretical method is a promising tool for
characterizing membrane structures and analyzing feed solution transport at a

molecular scale during PV processes.
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AIST MA-R5 0.3348 0.37 YPX(45 g/L xylose) Appl Environ Microbiol. 2009 Jun;75(11):3818-22.

YPDX(73.5 g/L glucose, . . — .
LORRE(Nancy Ho) 424A(LNH-ST) 0.133 0.36 40.4g/L xylose) Appl Biochem Biotechnol. 2004 Spring;113-116:403-16.
Kobe University ADAP8 0.02 0.32 YPX(20 g/L xylose) Appl Microbiol Biotechnol. 2009 Apr;82(6):1037-47.

mineral medium (salts,
Lund University TMB3400 0.08 0.34 race elements and Biotechnol Biofuels. 2009 May 5;2:9.

vitamins + 20 g/L glucose,
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Delft University of .

RWB218 1.2 0.41 YPX(20 g/L xylose) Antonie Van Leeuwenhoek. 2006 Nov;90(4):391-418.

Technology
INER Y15 1.23 0.37 YPX (40 g/L xylose)
LORRE(Nancy Ho) 42;22'2‘[:‘;‘”_ 0.612 0.42 YPX (70 g/L xylose) U Ind Microbiol Biotechnol. 2011 May;38(5):617-26.
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1 | 2R158 | 1000 | 860 | 18 | 30 |[190 | 2 | 2589 | 22.8 82 | 615 6.2 505 | 77 | 58
2 | 2R168 | 760 | 447 | 19 | 20 [ 190 | 2 | 1564 | 224 9.2 | 476 8.0 49.1 | 55 | 54
3 3R 168 T80 879 18 34 | 190 2 740 | 27.1 10.6 - 5.7 48.5 - 60
4 3178 640 889 20 27 | 190 2 1955 | 24.9 11.3 495 4.1 489 88 66
50 48118 1000 | 860 | 18 | 24 | 190 | 2 | 2408 | 183 74 | 564 6.6 494 | 77 | 67
6 | 44128 1080 | 929 | 21 | 23 [ 19 | 2 | 1073 | 22.1 8.5 | 593 53 488 | 82 | 64
7| 48138 | 1030 | 886 | 23 | 20 | 190 | 2 953 | 234 76 | 628 5.1 477 | 81 | 69
8 | 42148 1060 | 912 | 19 | 23 [ 190 | 2 | 1814 | 211 7.1 | 599 5.5 455 | 81 | 62
9 | 5108 | 1040 | 884 | 21 | 22 [190 | 2 | 2512 | 219 | 86 610 5.3 456 | 80 | 69
10 5118 | 1107 | 941 | 22 | 22 {190 | 2 | 1729 | 209 | 9.7 662 7.6 477 | 72 | 64
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13 6H 138 1010 859 22 18 190 2 2378 17.9 8.7 656 5.5 47.1 78 T6
14 6H 148 1003 853 23 19 190 2 2305 18.9 8.8 512 5.0 47.2 84 73
15 bR 138 1035 BE0 22 21 190 2 2593 18.3 9.2 His 5.3 47.3 78 T0
16 | 6168 860 731 21 17 | IR0 4 2305 18.7 9.1 563 5.4 477 T8 73
17 | 6A178 | 48 | 408 | 11 | 0 [200 | 5 763 | 57 | 34 | 225 | 98 | 472 | 71 | 63
18 7H 58 1007 856 20 19 | 190 2 1753 13.1 6.0 533 9.4 46.6 69 o4
19 7H 68 1047 890 24 18 190 2 1909 19.1 7.8 339 4.5 46.6 83 6Y
20 7H 78 1025 871 21 21 190 2 2325 17.3 72 477 5.0 46.6 85 71
21 7H 88 8202 H82 24 13 190 2 1541 14.7 6.5 554 5.1 46.8 78 65
22 KA178 296 762 19 20 | 190 2 1963 20.3 7.5 496 4.9 452 853 70
23 8H 188 a11 774 19 19 | 180 2 1658 18.6 5.6 - a1 45.1 100 (%]
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7o (C) | (min) K | 0w T o s
24 | 98148 969 824 24 14 | 185 2 1120 16.9 6.4 658 4.4 45.1 81 70
25| 98158 | 1080 918 22 19 | 185 1 1774 15.7 5.9 643 3.0 45.6 89 66
26 | 9168 1064 904 24 18 | 185 2 1673 15.9 6.2 690 33 44.6 86 75
27| 9R178 1018 865 19 22 | 185 2 1782 17.7 6.4 605 38 45.1 86 75
28 OR 188 1000 850 20 22 | 185 2 1845 15.2 5.2 395 4.0 44.0 85 75
29 |10A 188 1003 853 21 19 | 185 2 1252 18.6 6.4 630 4.0 46.8 84 74
30 |10 198 1006 855 23 18 | 185 2 1126 19.6 6.8 632 4.0 473 84 74
31l [10H 208 1003 853 25 17 | 185 2 2198 17.7 7.0 637 4.0 47.1 84 74
32 |10H218 1004 853 24 17 | 185 2 2095 20.3 7.8 635 L 47.5 85 75
33 |10R228 1050 893 21 22 | 185 2 1012 234 9.5 656 36 48.0 86 74
34 |11H168 750 630 14 24 | 185 2 438 21.5 9.7 366 4.8 453 85 T4
35 |11A178 770 647 14 28 | IBS 2 458 19.3 7.7 367 5.4 44.5 84 73
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e A~ RAERF R E A Rt A
Vi | SRk AR ks k| ek ok [ ArkeEr k| R W
3+ | 02044 | 00373 | 03378 | 0.0578 0.1467 | 0.2160
4+ | 01094 | 00455 | 03457 | 0.0547 0.0832 | 0.3615
57 | 01221 | 0.0514 | 04316 | 0.0968 0.1032 | 0.1949
67 | 00791 | 00703 | 04835 | 0.0549 0.1187 | 0.1934
77 | 00898 | 00510 | 04469 | 0.0878 0.1490 | 0.1755
8" | 00965 | 00614 | 04605 | 0.0658 0.1009 | 0.2149
9» | 00893 | 00412 | 04983 | 0.0619 0.0653 | 0.2440
10 | 01468 | 00703 | 03242 | 0.1407 0.1254 | 0.1927
x5 | 01172 | 00536 | 04161 | 0.0775 01115 | 0.2241
F 5~ R EH 2 Kt 4
BERE | gopant |,
L reEE | 0T (KWh) AT T4k (kwh)| @ (L)
(KWh)
31 22985 17332 17269 2242
4 26263 18312 13573 2297
E 8673 4690 13494 2604
6 8032 4682 15717 1903
7 37069 30432 23691 2252
8 7 10139 7716 7053 943
P 25310 17765 13882 2228
10 25018 19521 12736 1927
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