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ABSTRACT. Bioethanol is an alternative energy sourced from environmentally friendly raw 
materials from wastes that contain a lot of lignocellulosic such as HVS paper. Paper contains about 
85% cellulose, 8% hemicellulose, 5% lignin and the rest is in the form of ash compounds. Bioethanol 
is ethanol produced from the fermentation of glucose (sugar) followed by a distillation process. This 
study aims to analyze the effect of a combination of fermentation time and concentration of sulfuric 
acid on bioethanol. The highest yield of beathanol was obtained at a hydrolysis concentration of 6.5% 
with a 7-day fermentation time of 3.45%. Bioethanol density that was close to standard was 3.5% 
acid concentration with 3 and 5 days fermentation. Moreover, at 3.5% acid concentration showed the 
closest bioethanol viscosity to the standard value with all conditions synthesized acidic bioethanol 
with pH ranged from 6 to 6.5.  

 
1. INTRODUCTION  

A lot of difficulties in meeting global energy needs, which are now met primarily by fossil fuels. The 
continuous use of fossil fuels creates significant issues, including economic ones related to ensuring their 
availability for the ensuing several decades as well as the issue of pollution brought on by emissions through 
combustion into the environment[1]. 

The production of biodiesel from products derived from palm oil, Jatropha curcas, or the development of 
bioethanol are just a few of the studies that have been done and resulted in alternative energy sources that can 
replace petroleum. The synthesis of bioenergy from biomass as a source of renewable raw materials, such as 
bioethanol, is an alternative that has benefits from both a social and environmental standpoint[2]. Paper waste is 
one rarely used source of biomass. Indonesia's annual per capita consumption of paper continues to rise, reaching 
over 220,000 tons. Hence, the foregoing concerns, including those related to energy and the environment, can be 
solved by using waste paper as a raw material for bioethanol production[3]. 

HVS paper is known to have compound as bioethanol resources, whcih is cellulose. The content of HVS paper 
is 85% cellulose, 8% hemicellulose and 5% lignin with trace amount ash compunds[4]. Hence, the use of wasted 
HVS paper as bioethanol resource has been intensely investigated. There are studies conducted regarding 
bioethanol synthesis from HVS waste paper. [5] investigated bioethanol synthesis by varying yeast concentration 
along with the fermentation period. Moreover, [6] varied sulfuric acid concentration from 2% to 5% (v/v) with the 
optimum condition of 4% (v/v) sulfuric acid concentration for 7 days fermentation period. During the fermentation 
process, Saccharomyces cerevisiae has been utilized as the microorganism in bioethanol production. The 
microorganism had been used for long time in bioethanol synthesis and it was even tested for industrial scale for 
bioethanol production[7]. From these studies, the effects of hydrolysis and fermentation processes are significant 
to the synthesized bioethanol    

The primary component of plants, cellulose, is plentiful in a variety of plant species used to make paper. As 
glucose molecules are combined to form straight or branched chains by releasing water, starch or cellulose is 
created. Hemicellulose and lignin fibers are combined to create strong, smooth paper when using cellulose as the 
primary raw material for papermaking[8]. Considering previous studies in bioethanol synthesis from waste HVS 
paper that has not been combining varied sulfuric acid in hydrolysis and fermentation period. This serves as the 
background for examining the impacts of varying the acid hydrolysis concentration and fermentation time in using 
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HVS paper waste as a raw material for the production of bioethanol. 
Synthesized bioethanol that is aimed to fulfil its role as energy replacement of non renewable energy needs to 

be characterized. Bioethanol characterization is aimed to determine its suitability to peform as biofuel. Bioethanol 
is characterized through its several properties such as density, acidity, viscosity and its content beside its yield 
which later determines the optimized process[9].   

 
2. MATERIALS AND METHODS  
2.1 Materials and Equipments 

The utililzed materials in this study were as follows: 
1. Waste HVS paper 4. Urea 7. Yeast 
2. Sulfuric acid (H2SO4) 5. NaOH 8. NPK Fertilizer 
3. Aquadest 6. Filter paper   

Equipments used in this research were as follows: 
1. Mixer 6. Hot Plate 
2. Oven 7. Digital pH meter 
3. Thermometer 9. Hydrolysis equipment 
4. Erlenmeyer flask 10. Distillation equipment 
5. Digital scale 11. Fermentation equipment 
6. Ostwald Viscometer 

 
  

2.2 Methods 
The method of acid hydrolysis, followed by fermentation, was the methodology used in this study. Before 

being hydrolyzed, the waste paper was pretreated. The pretreatment process was converted into paper pulp with 
paper mass to water volume ratio 1 kg: 20 liter H2O soaked for 24 hours.  
2.2.1 Hydrolysis 

In order to clean up the mixtures of cellulose with hemicellulose and lignin, hydrolysis process was conducted. 
The hyrolysis of waste HVS paper took place by mixing the pulp with varying concentrations of sulfuric acid 
mixtures; 3.5%, 4.5%, 5.5% and 6.5%. Hydrolysis process was conducted in 250 mL solution with 120ºC 
temperature for 120 minutes. 

Prior the fermentation process, hydrolyzed solution was transformed into inoculum. It prepared by adding 0.1 
gram urea and 0.1 gram NPK to 20 mL hydrolyzed solution. The prepared solution then heated to 120ºC for 15 
minutes and cooled at room temperature for 24 hours[10]. 
2.2.2 Fermentation 

The hydrolyzed pulp was cooled then filtered and neutralized with NaOH to reach pH 4.5. 180 mL filtrate that 
passed through the filter paer was fermented with 0.9 gram of urea and 0.9 gram NPK fertilizer along with 20 mL 
inoculum for 3, 5 and 7 days. Following the process, the fermented solution was distilled for 5 hours at 78-80ºC 
in order to separate it from water.  
2.2.3. Bioethanol Characterization 

Having synthesized the bioethanol, it was characterized though pH, density, viscosity, yield and its content 
through gas chromatography analysis. Viscosity analysis was performed by utilizing the Ostwald viscometer[11]. 
The density of bioethanol was managed through (1)[12]. 
ρ = m/v               (1) 
Where ρ is density, m is mass of bioethanol and v is the volume. 

Moreover bioethanol viscosity was determined by using (2)[12]. 
𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎 =  𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎  × 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎

𝜌𝜌𝑤𝑤𝑎𝑎𝑏𝑏𝑏𝑏𝑤𝑤 × 𝑏𝑏𝑤𝑤𝑎𝑎𝑏𝑏𝑏𝑏𝑤𝑤
 ×  𝜂𝜂𝑤𝑤𝑎𝑎𝑏𝑏𝑏𝑏𝑤𝑤          (2) 

Where η is viscosity, ρ is density and t is flow time.  
 
3. RESULTS AND DISCUSSION 
3.1 Hydrolytic Acid Concentration and Fermentation Period Effects on Yield of Bioethanol 

Yield of synthesized bioethanol with varying acid concentrations in hydrolysis process and fermentation period 
is shown in Table 1.  
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Table 1. Synthesized Bioethanol Yields 

Acid Concentration 
(%) 

Fermentation Time 
(Days) 

Bioethanol Yield 
(%) 

3.5 
3 0.692 
5 0.994 
7 2.1511 

4.5 
3 1.203 
5 1.309 
7 2.349 

5.5 
3 1.219 
5 1.326 
7 2.595 

6.5 
3 1.390 
5 1.689 
7 3.451 

 
It can be seen that at constant acid fermentation period, bioetanol yield was also found to be affeceted by acid 

concentration in hydrolysis process. It was due to more reactants to break the structure of cellulose from waste 
HVS paper into glucose, which was converted into bioethanol in fermentation process[13]. Moreover, yield of 
bioethanol is linearly affected by fermentation period. This is in line with [14] that stated bioethanol yield is 
linearly proportional to fermentation duration. It was due to more time given for the yeast that contains 
Saccharomyces to digets cellulose that was provided from waste HVS paper which had been hydrolysed. 
  
3.2 Hydrolytic Acid Concentration and Fermentation Period Effects on Bioethanol Density 

Obtained bioethanol densities with varying acid concentration during hydrolysis process is shown in Table 2.  
 

Table 2. Synthesized Bioethanol Densities 

Acid Concentration 
(%) 

Fermentation Time 
(Days) 

Bioethanol 
Densities (gr/mL) 

3.5 
3 0.7844 
5 0.7868 
7 0.8014 

4.5 

3 0.8284 
5 0.8308 
7 0.8528 

5.5 

3 0.8322 
5 0.8402 
7 0.8652 

6.5 

3 0.8442 
5 0.8638 
7 0.8686 
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The synthesized bioethanol densities are figured in the Fig. 1.  

 
Figure 1. Synthesized Bioethanol Density 

It can be seen from Fig. 1 that generally the density of synthesized bioethanol increased as acid concentration 
and fermentation period increased. Bioethanol produced close to standard bioethanol density, which is 0.7871 -  
0.7896 g/mL [15], were the combination of 3.5 % acid concentration with 3 and 5 days fermentation period. On 
the other hand, bioethanol density produced from 7 days of fermentation exhibited different trend compared to 
others. This might be due to over fermentation period that passed the optimum conditions [16].        
 
3.3 Hydrolytic Acid Concentration and Fermentation Period Effects on Bioethanol Acidity 

Synthesized bioethanol acidity in this study was observed to be acidic. The pH of bioethanol pH was found to 
be varying from 6.0 to 6.5 as schown in Table 3. Acidic properties of bioethanol was due to acid formation from 
fermentation process [17].  
 
3.4 Hydrolytic Acid Concentration and Fermentation Period Effects on Bioethanol Viscosity 

Bioethanol viscosity is an important properties as biofuel. The role of viscosity is directly affecting its 
performance during machine test. The standard viscosity of bioethanol is 1.22 cP (centi Poise) [18]. The viscosity 
of produced bioethanol was observed and shown in Table 3. 

Table 3. Synthesized Bioethanol Viscosities 

Acid Concentration 
(%) 

Fermentation Time 
(Days) 

Bioethanol 
Viscosities (cP) 

3.5 
3 1.573 
5 1.147 
7 1.130 

4.5 
3 1.137 
5 1.130 
7 1.096 

5.5 
3 1.115 
5 1.104 
7 1.096 

6.5 
3 1.093 
5 1.071 
7 1.067 
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It can be seen from Table 3 that there was no exact viscosity that matched the standar bioethanol viscosity. The 
one that was closest to standar value was bioethanol that was synthesized from 3.5% acid concentration and 5 days 
of fermentation.  

The property of viscosity showed the optimum condition for bioethanol production that follows the 
standardized property. Five days of fermentation duration with 3.5% acid concentration made synthesized 
bioethanol not too watery, thus these conditions might be considered to be the most optimum condition for 
bioethanol production regarding viscosity property.   
 
3.5 Synthesized Bioethanol Content 

According to the results from other parameters, the contents of synthesized ethanol focused on several samples. 
The effects of fermentation period was observed through 5 and 7 days of fermentation with 6.5% acid 
concentration. Beside that, acid concentration effects was observed by analysing 5.5% and 6.5% acid 
concentrations with 7 days fermentation period. Fig. 2 shows Gas Chromatography spectrums of synthesized 
bioethanol with the parameters of the spectrum are presented in Table 4. 

 

 
Figure 2. (a) Standard Ethanol GC Spectrum; (b) 6.5% acid concentration and 7 days fermentation Bioethanol 
GC Spectrum; (c)  6.5% acid concentration and 5 days fermentation Bioethanol GC Spectrum; (d) 5.5% acid 

concentration and 7 days fermentation Bioethanol GC Spectrum 

Table 4. Bioetahnol GC Spectrum Details 

Parameters Ethanol 6.5% Acid; 
7 Days 

6.5% Acid; 
5 Days 

5.5% Acid; 
7 Days 

Time Retention 2.833 2.809 2.772 2.817 
Area 87106371 78805237 10949949 1636815 
Height 466831 13306111 2629479 459454 
Concentration 99% 36.546% 26.410% 25.019% 

 
Table 4 confirms that the the role of acid concentration during hydrolysis process and fermentation period is 

clearly exhibited. The concentration of ethanol was found to be linearly proportional to acid conectration; the 
higher acid concentration of acid in hydrolysis, the higher synthesized ethanol. Moreover, with the same acid 
concentration, fermentation time also linearly proportional to bioethanol produced to some extent.    
 

a 

 

b 

 

  

c 

 

d 

 

  

 



 Mulyawan / Equilibrium Journal of Chemical Engineering 7(1) (2023) 053–058   

 
58                                                                                                          Equilibrium Journal of Chemical Engineering, e-ISSN 2622-3430  

4. CONCLUSION 
The variations of acid concentration in hydrolysis process and fermentation duration was observed to influence 

bioethanol significantly. The influence of acid concentration and fermentation period were significantly affected 
the yield, density, acidity and viscosity of synthesized bioethanol.  

This  study suggest the significant role of waste particularly waste HVS paper for energy production such as 
bioethanol. It is suggested to explore on other waste for more valuable products synthesis. 
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