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Abstract 

Ethanol production from lignocellulosic biomass is considered more beneficial than its production from 

starch and sugar based crops, considering the energetics and environmental advantages as well as 

the readily availability of the feed stock. However, the recalcitrant nature of lignocellulosic materials 

makes its ethanol production more challenging. Common methods of hydrolysis and fermentation of 

lignocellulosic materials to ethanol is through the separate hydrolysis and fermentation method (SHF) 

and the simultaneous saccharification and fermentation method (SSF). During SHF, product inhibition 

of the enzymes occurs as the sugar concentration increases during the hydrolysis, the process is also 

associated with increased contamination risk. SSF process makes use of suboptimal conditions for the 

hydrolysis and the fermentation; also the fermenting organism cannot be reused since it has been 

mixed with the lignocellulosic biomass. In this study, a new method was developed for hydrolysis and 

fermentation of lignocellulosic materials to ethanol, called simultaneous saccharification, filtration and 

fermentation (SSFF). The method allows both the hydrolysis and fermentation at optimum conditions 

with the use of a membrane bioreactor. It also allows the fermenting organism to be reused for several 

batches. The method was applied on pretreated spruce using a flocculating yeast strain and also on 

pretreated wheat straw using encapsulated genetically modified yeast. SSFF was compared with SSF 

as one of the conventional method, both on 10% suspended solids basis. From pretreated spruce, 

similar ethanol yield was obtained. Interestingly, from the pretreated wheat straw, 90% ethanol yield of 

the theoretical value was obtained during the SSFF while just 53% was obtained during the SSF. The 

study shows that the newly developed method of SSFF has the potential to replace the conventional 

methods and to improve ethanol production from lignocellulosic biomass.   
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1.0  Introduction 

Ethanol is an important biofuel in the transportation sector, it can be produced from starch and sugar 

based crops as well as from lignocellulosic biomass. Its production from lignocellulosic biomass is 

considered more advantageous than its production from starch and sugar based raw materials. This is 

due to the environmental benefits and the availability of the raw materials [1, 2]. However, the 
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recalcitrant nature of lignocellulosic materials makes its ethanol production process more challenging 

than its production from starch and sugar based raw materials. Pretreatment, hydrolysis, fermentation 

and distillation are the necessary steps involved. Commonly applied methods of hydrolysis and 

fermentation are; separate hydrolysis and fermentation (SHF) and simultaneous saccharification and 

fermentation (SSF) [3]. Product inhibition of the enzyme as the hydrolysis progresses, sub-optimal 

processing conditions as well as the non re-usability of the fermenting organism are some of the 

challenges confronting the SHF and SSF methods [4]. Hence there is need for a method which can 

eliminate the challenges and improves ethanol production. 

Membrane bioreactors (MBR) are commonly used for producing quality water and in waste water 

treatment. Membranes are used for separation processes based on their permeability selectivity [5]. 

Recently, MBR have been used in biological processes such as biogas and ethanol production for 

achieving high cell densities [6]. This study investigates the use of MBR in a novel way for hydrolysis 

and fermentation of lignocellulosic materials with a method referred to as simultaneous 

saccharification, filtration and fermentation (SSFF). The method was investigated on pretreated spruce 

with a flocculating strain of Saccharomyces cerevisiae as the fermenting organism and also on 

pretreated wheat straw with encapsulated genetically modified strain of S. cerevisiae as the fermenting 

organism. 

 

2.0 Experimental 

2.1 Lignocellulosic biomass 

Spruce chips, a softwood lignocellulosic biomass from Swedish forests were used. The chips were 

chemically pretreated with SO2 impregnation and exposed to a pressure of 22 bars, 215°C for 5 min 

(SEKAB E-Technology, Sweden) and delivered as slurry. It had pH 2.0, 15.9% suspended solids (SS) 

and 23.8% total solids (TS). The slurry was stored in a cold room of 5°C until use. The composition of 

the liquid fraction of the slurry was 22.8 g/L glucose, 25.3 g/L mannose, 13.7 g/L xylose, 5.8 g/L 

galactose, 4.7 g/L arabinose, 5.7 g/L acetic acid, 1.8 g/L HMF, and 2.0 g/L furfural. The solid fraction 

of the slurry had 46.5±0.1% cellulose, 46.1±0.3% acid insoluble lignin (AIL), 5.01±0.1% acid soluble 

lignin (ASL) [3]. Wheat straw, an agricultural residue lignocellulosic biomass from a Swedish farm was 

used as well. It was chemically pretreated with dilute H2SO4 (0.3-0.5%), at 185°C for 8 min and 

delivered as slurry with pH 1.9, 14.9% suspended solids (SS) and 22.2% total solids (TS). The 

composition of the liquid fraction of the slurry was 33.4 g/L xylose, 8.5 g/L glucose, 1.5 g/L mannose, 

3.1 g/L galactose, 4.9 g/L arabinose, 8.9 g/L acetic acid, 1.1 g/L HMF, and 9.2 g/L furfural. The solid 

fraction of the slurry had 43.6±0.5% cellulose, 34.81±0.1% acid insoluble lignin (AIL), 5.1±0.1% acid 

soluble lignin (ASL) [7]. The slurry was stored in a cold room of 5°C until use. 

 

 

 

 



2.2 Enzymes and Yeast strains 

Cellic
®
 CTec3 and Cellic

®
 Ctec2 enzymes (Novozymes, Denmark) was used for the hydrolysis of the 

spruce slurry and wheat straw slurry respectively. A flocculating strain of yeast Saccharomyces 

cerevisiae CCUG 53310 (Culture Collection University of Gothenburg, Sweden) was used for the 

spruce slurry experiment. The yeast was maintained at 4°C on YPD agar plate containing 20 g/L agar 

(Scharlau), 20 g/L D-glucose (Scharlau), 10 g/L yeast extract (Scharlau) and 20 g/L peptone (Fluka). 

Prior to fermentation, 100 mL preculture in YPD medium containing 20 g/L D-glucose, 20 g/L peptone 

and 10 g/L yeast extract in 250 mL flask was provided. This was incubated in a shaking water bath 

(Grant OLS 200, Grant instrument ltd, UK) at 121 rpm and 30 °C for 24 h. Genetically engineered 

strain of Saccharomyces cerevisiae (T0936) was used for the wheat straw slurry experiments. The 

yeast was maintained at 4°C on a YPD agar plate containing 20 g/L agar, 10 g/L D-glucose, 10 g/L D-

xylose, 10 g/L yeast extract, and 20 g/L peptone. Prior to the fermentations, 100 mL preculture in YPD 

growth medium containing 25 g/L D-glucose, 25 g/L xylose, 20 g/L peptone and 10 g/L yeast extract in 

250 mL flask was provided. This was incubated in a shake-bath at121 rpm and 30 °C for 48 h. 

 

2.3 Membrane bioreactor (MBR) with simultaneous saccharification filtration 

and fermentation (SSFF) 

The MBR with the SSFF method allows the hydrolysis and the fermentation to be performed at 

different optimum conditions, Enzymes is added to the pretreated lignocellulosic biomass and pumped 

through a cross-flow membrane, so that a clear sugar-rich filtrate continuously drops into the 

fermentation reactor. Simultaneously, the volumes are kept in balance by continuously circulating the 

fermentation broth between the hydrolysis and fermentation reactors (Fig. 1). Retention of the 

fermenting culture is essential and this is achieved by the use of a flocculating yeast strain and 

encapsulated genetically modified yeast strain. The SSFF is composed of three parts of hydrolysis, 

filtration and fermentation (Fig. 1). The hydrolysis and the fermentation were performed at separate 

optimum temperatures of 50 °C and 30 °C respectively, pH of 5.0 was used in both processes [3, 7]. 
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Figure 1: Schematic representation of the MBR with the SSFF process, adapted from [5] 

 

3.0 Result and discussion 

Application of MBR in lignocellulosic ethanol production through the SSFF method (Fig. 1) combines 

the advantages of SSF and SHF methods and eliminates their disadvantages. The method allows the 

hydrolysis and fermentation to be performed at their separate optimum conditions; it also provides the 

possibility to reuse the fermenting cells, which is an important factor for a successful ethanol 

production process. The method was performed using pretreated spruce with flocculating yeast strain 

after which pretreated wheat straw was used with genetically modified yeast strain. A comparison with 

commonly applied method of SSF was also performed. 

3.1 Comparison of MBR via SSFF method with commonly used SSF method using 

pretreated spruce 

MBR via SSFF and SSF methods were carried out with the same amount of pretreated spruce on 10% 

suspended solids basis and the respective results are compared in Figure. 2a. Almost identical 

amount of ethanol production is observed from both methods at the end of the fermentation, 

corresponding to 84% and 85% of the theoretical yield for SSFF and SSF, respectively [3]. This 

indicates that SSFF produced almost the same amount of ethanol as SSF with the same input of 

enzymes and carbohydrates., However, the amount of xylose at the end of SSF was higher than in 

SSFF which implies that more sugars was consumed during SSFF than SSF , which may be due to 

lactic acid formation in SSFF. Glycerol formation in SSFF was also lower compared to SSF. With 

similar ethanol yields, it can be interpreted an advantage for SSFF over SSF, if all the process units 

are well controlled and optimized since it is not necessary to supply new yeast for each batch.  

 

 



 

Figure 2. Comparison of ethanol produced per supplied amount of slurry during MBR via SSFF 

method with SSF method using (a) pretreated spruce; SSFF is represented by (○) while SSF is 

represented by (●), (b) pretreated wheat straw; SSFF is represented by (■) while SSF is represented 

by (□). 

 

 

3.2 Comparison of MBR via SSFF method with commonly used SSF method using 

pretreated wheat straw  

During the experiment with pretreated wheat straw where encapsulated genetically modified yeast was 

used as the fermenting organism. The experiment was also based on 10% suspended solids. It was 

observed that ethanol concentrations of 37 g/L and 22 g/L were produced at 96 h during SSFF and 

SSF respectively, which are equivalent to 50 g/Kg  and 32 g/Kg produced ethanol during SSFF and 

SSF respectively (Figure 2b). These values correspond to 90% and 53% of the theoretical ethanol 

yield for SSFF and SSF respectively, an indication that SSFF process improves the ethanol yield for 

about 40.0% more than the commonly applied SSF method [7]. This observation indicates that SSFF 

could be more advantageous for lignocellulosic ethanol production than SSF. 

 

Conclusion 

Membrane bioreactor (MBR) was applied for lignocellulosic ethanol production via the simultaneous 

saccharification, filtration and fermentation (SSFF) method. It was applied on pretreated spruce using 

a flocculating yeast strain and also on pretreated wheat straw using encapsulated genetically modified 

yeast. MBR via SSFF was compared with SSF as one of the conventional method, both on 10% 

suspended solids basis. Similar ethanol yield was obtained from pretreated spruce during SSFF and 

SSFF, from the pretreated wheat straw, 90% ethanol yield of the theoretical value was obtained during 

the SSFF while just 53% was obtained during the SSF. The study shows that application of MBR via 

SSFF method in lignocellulosic ethanol production has the potential to improve the ethanol yield.   
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