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" Acid-assisted CTSR pretreatment
enhances sawdust digestibility.

" Optimal operating conditions of
CTSR pretreatment were estimated.

" Timing of enzyme and solid addition
in fed-batch SSF were investigated.

" Ethanol titer in three stage fed-batch
SSF of pretreated sawdust almost
reached a 4%.
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a b s t r a c t

Ethanol production from poplar sawdust using sulfuric acid-assisted continuous twin screw-driven reac-
tor (CTSR) pretreatment followed by simultaneous saccharification and fermentation (SSF) was investi-
gated. Pretreatment with high acid concentration increased the cellulose content in the pretreated
solid (74.9–76.9% in the range of 4.0–5.5 wt.% H2SO4). The sugar content (XMG; xylan + mannan + galac-
tan) in the treated-solid was 11.1–15.2% and 0.9–5.7% with 0.5 wt.% and 7.0 wt.%, respectively. The XMG
recovery yield of the sample treated with 4.0 wt.% H2SO4 at 185 �C was maximized at 88.6%. Enzymatic
hydrolysis test showed a cellulose digestibility of 67.1%, 70.1%, and 73.6% with 15, 30, and 45 FPU/g-
cellulose, respectively. In the fed-batch SSF tests with initial enzyme addition, the ethanol yield of each
stage almost reached a maximum at 28 h, 48 h, and 56 h, respectively, with yields of 63.9% (16.5 g/L),
78.4% (30.1 g/L), and 81.7% (39.9 g/L), respectively.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Over the last several decades, biofuels, in particular ethanol,
have gathered increasing attention as promising fuels for transpor-
tation. The use of fossil fuels has contributed to the buildup of
carbon dioxide in the atmosphere, while ethanol produced from
lignocellulosic biomass is a clean-burning fuel that does not

contribute to global warming (Lee et al., 2012). Lignocellulosic
biomass, a heterogeneous material, has a highly crystalline struc-
ture and various components such as cellulose, hemicellulose,
and lignin (Won et al., 2012). Biofuels can be produced from ligno-
cellulosic materials; however, production of ethanol from lignocel-
lulosic biomass differs significantly from the corn-to-ethanol
processing because lignocellulosic carbohydrates are more hetero-
geneous and much more difficult to solubilize than cornstarch in
kernels (Khattak et al., 2012). Although most of the fuel ethanol
in the world is currently produced from corn kernel and sugarcane,
corn or sugar ethanol production would still displace less than
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