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h i g h l i g h t s

" The feasibility of the recovery and reuse oxalic acid was investigated.
" The electrodialysis (ED) process was effective for recovery oxalic acid.
" ED process removed fermentation inhibitors without loss of fermentable sugar.
" Bioethanol productivity and yield increased up to three times by ED process.
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a b s t r a c t

The present study investigated the feasibility of the recovery and reuse oxalic acid in a multistage process
for the pretreatment of a lignocellulosic biomass. Electrodialysis (ED), an electrochemical process using
ion exchange membranes, was used to recover and reuse oxalic acid in the multistage process. The ED
optimal condition for recover oxalic acid was potential of 10 V and pH 2.2 in synthetic solutions. The
recovery efficiency of oxalic acid from hydrolysates reached 100% at potential of 10 V. The power con-
sumption to treat 1 mol of oxalic acid was estimated to be 41.0 wh. At the same time, ethanol production
increased up to 19 g/L in the ED-treated hydrolysate, corresponding to ethanol productivity of 0.27 g/L/h.
It was clearly shown that bioethanol fermentation efficiency increased using the ED process, due to a
small loss of fermentable sugar and a significantly high removal of inhibitory chemicals.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Lignocellosic biomass is an attractive raw material for biofuel
production, because of the availability of large quantities at low cost.
Efficient utilization of the hemicelluloses and cellulose in a lignocel-
losic biomass offers an opportunity to greatly reduce the cost of
bioethanol production, compared to the production cost from the
first-generation biomass resources, such as sugar cane and corn
(Cheng et al., 2008; Huang et al., 2008). In general, a lignocellulosic
biomass is highly recalcitrant due to a lack of porosity, the presence
of side chains, cellulose crystallinity, and high molecular weights.
Prior to fermentation, it requires pretreatment to hydrolyze the
biomass as feedstock (fermentable sugars or oligosaccharides)
(FitzPatrick et al., 2010; Chew and Bhatia, 2008; Sarkar et al., 2012).

At present, most of the medium remaining after mushroom cul-
tivation is utilized as compost. Since waste medium is a valuable
resource for producing biofuels or biochemical products, concern
for the bioconversion of waste mushroom medium to fermentable
sugars has increased, as it constitutes one of the lignocellulosic bio-
mass resources (Christopher et al., 2003; Lee et al., 2008). In gen-
eral, the mushroom is cultivated artificially using plastic pots
filled with medium material, such as lignocellulosic biomass and
some additives. However, most of the medium remaining after
mushroom cultivation has not been utilized, except for compost.
Therefore, the utilization of this waste mushroom medium could
be proposed as a valuable resources, such as bioethanol and other
biochemical products. Waste mushroom medium is generated
from mushroom cultivation, in which fungi produce hydrolytic
and oxidative enzymes responsible for wood degradation. A pre-
treated waste mushroom medium could offer accelerated enzy-
matic hydrolysis, by using hydrothermal or acid-catalyst
pretreatments (Sato et al., 2010).
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