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A Research Trend of Pretreatment in Bioethanol Production
Process with Lignocellulosic Biomass: A Literature Review™!

Yeong-Suk Kim*?'

Zautol oz Rt PR 54 W BEA AR - S8 A8 S 2 gohass A guk
. o
] hu

AA PYEo] AHE 1 gl FRolth, ¥ FHE BAATE Fato] A
olomhzs tigel AAe Aol e B shebstar

=
Qo] onls A8 B ALkl Ao A B4

34 AT Re] Baw ) 2ARE v ek, T 4o
2 WS ATHE F8 AR 16 A% 39 R A4 WA FRAol ol AR} Aol 870
weh 43e AAe $4S Adslol & Wart g Aoz nawgic

ABSTRACT

Lignocellulosic biomass is the most abundant raw material for bioconversion in many country.
However the high costs for pretreatment and enzymatic hydrolysis currently deter commer-
cialization of lignocellulosic biomass, especially wood biomass which is considered as the most
recalcitrant material for enzymatic hydrolysis mainly due to the high lignified structure and the
nature of the lignin component. Therefore, overcoming recalcitrance of lignocellulosic biomass
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for converting carbohydrates into intermediates that can subsequently be converted into biobased
fuels and biobased products is the primary technical and economic challenge for bioconversion
process. This study was mainly reviewed on the research trend of pretreatment with lignocel-

lulosic biomass in bioethanol production process.

Keywords: lignocellulosic biomass, bioethanol, physical pretreatment, chemical pretreatment
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Fig. 1. Lignocellulose model showing lignin, cel-
lulose and hemicellulose, Ref.: Hector et
al., 2008, USDA Agricultural Research
Service.

— 275

fl

3

=)

o

S

N

(&

Lo
T

- ni
lose microfibril&2 599 o] ¥ hemi-
cellulose?] MEZ 2o &3 9o L ¢ &4
7FEEE ol olEe FEE Ha
Uk fLxo] HdulolenjaE Eeste f8E4

froox o
Mo
lo,

w4
o
o,
f
o
ra
R
ok,
o
2
X,
ox
o
b
2,
N
°

2y 5 F3 A Eol e she
U B2 AE27E2 e ols dA A

Table 1. Pretreatment of lignocellulosic mate-
rials (Ref.: Schell et al., 2006)

Pretreatment

Pretreatments
category
Physical Mechanical pretreatment
pretreatmemt Pyrolysis
. .+ Steam explosion (autohydrolysis)
Physico-chemical Ammonia fiber explosion (AFEX)
pretreatment ;
CO;, explosion
Ozonolysis
. Acid hydrolysis
rgggzlnciclnt Alkaline hydrolysis
b Oxidative delignification
Organosolv process
Biological
pretreatment
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Fig. 2. Diagram of pilot-scale dilute-H,SO4 pretreatment system (Ref.: Schell et al., 2003).
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Table 2. Pretreatment run conditions and enzymatic cellulose and xylan conversion results (Ref.:
Schell et al., 2003)

Pretreatment Conditions Xylan conversion

Acid ) . Cellulose  Monomeric ~ Total  Furfural Unconverted Mass
Temperature .. concentration  Final

Run no. ) Time CSF  conversion xylose xylose ield xylan closure

(O (qimy  Cv/wD ph 0 yield 06 yield ) (%) %) %)

1 165 81 137 128 155 79 64 67 14 10 92
2 165 81 137 128 155 63 67 19 11 97
3 165 60 137 114 157 63 57 65 9 15 89
4 165 82 071 185 099 3 55 7 27 90
5 165 81 135 117 166 70 71 14 11 95
6 165 80 139 119 164 82 71 71 13 11 95
7 165 6.4 071 184 090 31 33 10 34 97
8 165 101 137 116 177 59 61 13 8 82
9 165 80 141 05 178 83 66 63 15 13 90
10 166 102 071 174 120 44 59 16 24 99
11 166 80 137 4 169 62 63 21 9 93
12 169 39 071 152 112 56 65 7 2 94
13 170 83 074 210 089 33 54 6 40 100
14 170 61 074 205 081 27 57 7 39 103
15 171 51 073 222057 17 43 9 34 86
16 174 58 137 118 178 63 67 18 9 94
17 174 29 137 127 138 63 68 6 11 85
18 175 38 138 129 149 66 72 7 13 92
19 175 29 137 117 149 64 70 12 15 97
20 175 81 094 152 159 81 59 61 17 7 85
21 175 81 095 176 136 71 50 63 17 23 103
2 175 42 094 171 113 70 49 67 8 18 94
23 175 50 094 163 128 78 59 70 10 21 101
24 175 61 095 160 141 67 62 69 17 12 98
% 179 81 097 140 183 52 56 11 9 77 %
26 179 47 103 178 122 50 33 24 19 97
27 179 62 116 150 163 87 68 70 16 14 100
28 180 81 080 142 183 55 60 16 10 86
29 180 40 118 147 148 66 70 10 11 91
30 180 101 080 148 187 78 54 60 14 9 83
31 180 122 080 147 196 80 55 58 19 9 86
32 180 101 099 13 202 81 54 55 17 7 79
33 180 51 118 156 150 56 63 13 9 86
34 180 31 119 149 134 66 71 11 13 95
35 180 60 099 137 176 54 38 14 11 82
36 180 58 127 139 174 66 63 31 7 101
37 181 41 ¢ 146 152 65 65 27 13 105
38 183 53 ¢ 149 169 84 67 66 27 13 106
39 190 b 139 108 67 70 19 10 99
40 191 b 117 143 76 65 77 5 18 99
41 195 b 135 113 68 61 19 7 87
Average 1654 828 138 119 165 813 661 670 158 109 937
SD 01 006 002 009 009 23 37 35 31 13 26

“ Averages and SDs for 1, 2, 5, 6, 9, and 11 all were for the same run conditions.
Pretreatment reactor poerated at zero level in a mode that achieves a short but unknown residence time stimated at 4575 s.

“Corn stover preimpregnated with acid before pretreatment; actual acid concentration in the pretreatment reactor was not controlled but
targeted to achieve an acid concentration equivalent to 12% (w/w).
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