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Abstract—In this research, bioethanol was produced from 
office waste by acid hydrolysis and subsequent fermentation using 
Saccharomyces cerevisiae. Conditions for the acid hydrolysis of 
waste paper were optimized by varying acid volume from 100 to 
300 mL, reaction time 30-180 min, with a sulfuric acid 
concentration of 5.0 at 121 ºC in an autoclave. The best results 
were obtained for acid hydrolysis of waste paper with the following 
conditions: an acid volume of 200 mL during 120 min of reaction 
time. After the fermentation process with Saccharomyces 
cerevisiae during 24 hours at 30 ºC and 150 rpm, 0.1035 mL 
ethanol /g dried paper were obtained. Finally, some physical 
properties of obtained bioethanol were determined and compared 
with the standards. 
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I.  INTRODUCTION 
Bioethanol is a fuel derived from renewable sources of 

feedstock, divided in three main groups: sugary, starchy and 
lignocellulosic biomass. The first generation biofuels presents 
the drawback of competing using sources of human and animal 
nutrition. For that reason, second generation raw materials for 
bioethanol production are gaining interest [1]. They are non-
food biomass sources, mainly lignocellulosic materials, such as 
agricultural residues, waste materials or municipal solid waste. 
During the process, cellulose is hydrolyzed to produce 
fermentable sugars (glucose, xylose,…) followed by 
fermentation of sugars into ethanol [2]. Ethanol obtained from 
cellulose is an environmental friendly fuel. It is biodegradable 
and water soluble and produces lower emissions of carbon 
monoxide [3]. 

The hydrolysis can be carried out by enzymes or acids [4]. 
The main disadvantages of enzymatic hydrolysis are that it 
requires a pretreatment of the raw material to improve the 
enzymatic digestibility [5] and longer retention time [6]. Acid 
hydrolysis may be carried out with diluted or concentrated acid. 
The advantages of diluted acid hydrolysis are that it attacks 
polysaccharides, being easier to hydrolyze than cellulose and 
acid losses are not important [7]. 

The present research is based on bioethanol production from 
waste office paper. This feedstock results to be attractive for 
biofuel production due to its availably. Despite of recycling 
efforts have been strengthened in the last years, the recycling 
rate is about a 65%, since the quality of the paper decreases with 
the recycling process [8]. Then, waste office paper could be a 
suitable raw material for obtaining bioethanol. Recent studies 
have indicated the potential of this feedstock [9-11]. 

Many researchers have investigated the different 
technologies for the bioethanol production from paper and 
paper-derived materials. Li et al. [12] showed a cellulose 
conversion efficiency about 40% from newspaper 
saccharification at solids loading of 10% (w/w). Guerfali et al. 
[13] obtained 0.38 g/g ethanol with enzimatic hydrolysys and 36 
h of fermentation with Saccharomyces Cerevisiae from 
newspaper and office paper residues. Young et al. [7] reported 
glucose yield of 92.1% for paper sludge with acid hydrolysis 
(H2SO4 70.8%) during 3.6 h. Byagdi and Kalburgi [14] got a 
6.9% (v/v) of ethanol from newspaper using enzymatic 
hydrolyss and 6 days of fermentation. 

In this study, the influence of different parameters on 
bioethanol production from waste office paper has been 
analyzed. Acid hydrolysis was carried out at various reaction 
time and amount of acid. 

II. EXPERIMENTAL SECTION 
The bioethanol production from waste office paper is divided 

in three stages: pretreatment of raw material, acid hydrolysis and 
fermentation. The scheme of the process is shown in Fig. 1.  

 

 
Fig. 1. Flow chart of bioethanol production from waste paper office 

A. Pretreatment 
Waste paper used in this research was collected locally from 

office and photocopy services waste. Previous the hydrolysis 
stage, the paper was prepared as pieces of dimensions 0.5x0.5 
cm and the humidity content was determined using a moisture 
analyzer RADWAG (MA 110.R) with an accuracy of 0.001%. 
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B. Acid Hydrolysis 
Acid hydrolysis was done to break down cellulose into 

glucose units. Experiments were carried out in 1 L Erlenmeyer 
flasks. For that, 5 g of paper was soaked in different amounts of 
H2SO4 (5% weight): 100, 200 and 300 mL. The mixture was 
place in an autoclave at 121 ºC. The influence of time on the 
process was determined in the rage of 30-180 min. After 
hydrolysis, the samples were filtered and centrifuged to obtain 
the hydrolysate product. After that, the pH of the obtained 
product was adjust at 4.5-5.0 by adding sodium hydroxide 
solution 5M.  

Table 1 shows the experimental conditions of the different 
test carried out. It has been observed the hydrolysis time and acid 
volume in each experience. 

TABLE I.  EXPERIMENTAL CONDITIONS 

Test Time (min) Volume (mL) 

1 30 200 

2 60 200 

3 120 200 

4 180 200 

5 120 100 

6 120 300 

 

C. Fermentation 
The fermentation of all the samples was done at 30 ºC with 

orbital shaking at 150 rpm during 24 hours with the yeast 
Saccharomyces cerevisiae. Anaerobic fermentation were 
performed in 250 mL Erlenmeyer flasks containing the 
hydrolysate product, 15% (v/v) of fermentation medium and 
10% of yeast suspension. After fermentation, the obtained 
product was distilled in order to get the bioethanol. The sample 
was distilled twice to improve the quality of the obtained 
bioethanol. 

D. Bioethanol Characterization 
The bioethanol produced was characterized to determine 

some properties such as refractive index, density, acid value, and 
turbidity and color. The density was determined using a 
pycnometer type Gay-Lussac at 15 ºC. Acid value was measured 
according UNE-EN 15491 [15]. Turbidity and color were 
analyzed following the UNE-EN 15769 [16]. 

Ethanol concentration of the sample was determined using a 
refractometer ABBE-REF1. For that, the refractive index of 
different water-ethanol mixtures were measured and the 
obtained data allowed to obtain a calibration curve (Fig. 2). 

 

 
Fig. 2. Refractive index as a function of ethanol concentration in water-
ethanol mixtures at 20 ºC 

The fit of the curve relates the ethanol concentration with the 
refractive index of a sample, according to the following 
equation: 

𝑦 = 0.0003𝑥 + 1.3316 ,    𝑅+ = 0.9996  (1) 

III. RESULTS AND DISCUSSION 
The focus of this research is to produce bioethanol from 

waste office paper by acid hydrolysis and subsequent 
fermentation. Acid hydrolysis needs the optimization of process 
parameters, including amount and concentration of sulfuric acid, 
reaction time, and reaction temperature. Then, the analysis of 
time and amount of acid on concentration of obtained bioethanol 
was carried out. Finally, some properties of the obtained 
bioethanol were determined. 

A. Hydrolysis of Waste Paper Office 
The hydrolysis consists of the conversion of cellulose 

present in the paper into the bioethanol. Hydrolysis was carried 
out using a solution of sulfuric acid of 5% weight at different 
reaction time. The graphical representation of the obtained 
results is shown in Fig. 3. 

 
Fig. 3. Influence of hydrolysis time on ethanol concentration. 

The results showed that maximum ethanol concentration is 
achieved at 120 min. Similar research was carried out by Kumar 
et al. [17] who obtained the best results for 2 hours of acid 
hydrolysis. Therefore, time taken is 120 min for further study. 
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Other important parameter on the process is the amount of 
acid. Then, three experiences were carried out varying the acid 
volume with the same concentration and 120 min at 121 ºC in an 
autoclave. The graphical representation of the obtained results is 
shown in Fig. 4. The data revel that there was substancial 
decreases in ethanol concentration when waste office paper was 
treated with 100 and 300 mL of acid. This finding is in 
agreement with earlier work reported by Young et al. [7]. 

 
Fig. 4. Influence of hydrolysis time on ethanol concentration. 

B. Fermentation and Purification 
Fermentation of sugars was carried out by yeast 

Saccharomyces cerevisiae at pH 4.5-5.0, 30 ºC, 150 rpm and 24 
hours. After that, the product was distilled twice and the purity 
of obtained bioethanol was measured, resulting in 0.1035 mL/g 
waste office paper with a purity of 9.67%.  

C. Bioethanol Characterization 
The density of a material is defined as the mass of the 

material per unit its volume. The density of the bioethanol 
produced from the waste office paper was 0.9806 g/cm3. 
According to ASTM 4806 [18], the value of density for fuel 
ethanol is 0.99 g/cm3, then the obtained bioethanol meets the 
density value of this type of biofuel. 

The acidity value measures the presence of low molecular 
mass organic acids, such as acetic acid. It is important to keep 
such acids at a very low level because they are highly corrosive 
to many metals. UNE-EN 15376 [19] establishes a maximum of 
0.007%, the obtained bioethanol has an acidity value of 
0.0009%, lower that the set limit. 

Finally, turbidity and color were measured. Following the 
standard procedure, the obtained bioethanol meets with the 
specification of transparent and colorless (Fig. 5). 

 
Fig. 5. Determination of turbidity and colour according UNE-EN 15769. 

IV. CONCLUSSIONS 
The bioethanol production from waste paper office was 

successful. The best conditions for acid hydrolysis of 50 g of raw 
material were 200 mL of sulfuric acid and 120 min of reaction 
time in an autoclave at 121 ºC. After fermentation with 
Saccharomyces cerevisiae, 0.1035 mL of bioethanol/ g waste 
office paper with a purity of 9.67 %.  

Finally, some properties were measured according the 
standards and the obtained bioethanol conforms to the set limit. 
Based on the obtained results, it can be concluded that waste 
paper office is a suitable raw material for bioethanol production. 
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