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 :الملخص

خعوعث  ار انوسق لإنحاج الإٍثانول انحَووً باسوحخذاو انًعاندوة انفَضٍا َوة يانكًََا َوة  يخهفات فٌ هزا انعًم، اسحخُذيث ينحدات

خفووب بحش يط انكعشٍحَوو اهووزا اننفاٍووات انصووهعة نهًعاندووة بحوو ًُ كًَووة كعَووش  يوور انسووكشٍات  خووم جحشٍووشلا خحهفووةكَووض ينسوو  يُ اان

شت لاحقًا إني إٍثانول حَوً بواسطة خًَش   ِّ ً يعايهوة جى انحصول عهي أفعم إنحاج عنوذ ار    S. cerevisiaeالأحادٍة، يانحٌ خُ

حَووب به ووث نسووعة الإنحوواج  ،(يسق صووه  انووي يحهووول حايعووٌ) يووم 51ى/غوو 5% بنسووعة 1 5 ٌيعوواحشكَووض حانوووسق انًسووعقة  ب

 صٍوواد   جدفَووب، يًووا أدى إنوويوايووم كع ةخووم اندضٍ َوواانحقطَووش يانًنجقنَووات  نضٍوواد  نقوواء الإٍثووانول انحَوووً، اسووحخُذيث  ي % 23

نووحتح باسووحخذاو يطَافَووة  حهَووم يجيووخَ %  جووى ج89حَوووً بنسووعة انل ٍثووانوالإ جشكَووض ًُ   NMRي FTIRالإٍثووانول انحَوووً ان

 E10ي E8ي E6ي E0  بنسو  يُخحهفوة لإنحواج يخوانَػعحَوادً الا كاصينَرخُهػ الإٍثانول انحَوً يع اناخشً ، بالإظافة إني رن 

نووحع  حَوب يانكثافوة ييححووى انًواء  RONي RVPنحقَوَى هوزا انًخوانَػ، بًوا فوٌ رنو   ASTMاسحخُذيث غشٍقوة  ار  E12ي

 فوٌ RONالإٍثوانول فوٌ انخهوَػ  ييوع رنو ، اصداد يححووى انًواء ي، بَنًوا اصدادت انكثافوة يوع صٍواد  يححووى RVPانخفاض قَى 

  يٍحًثوم اندانو  انً وى فوٌ هوزا انذساسوة فوٌ إنحواج انحَووً ر جوذسٍدًَا يوع إظوافة الإٍثوانولنكواصينَيخانَػ الإٍثوانول انحَووً يا

 الإٍثانول انحَوً باسحخذاو يواد خاو يحوفش  يسخَصة، يفٌ ظم ظشيف يثانَة 

 

  انًعاندة انًسعقة يانوقود انحَوًالاٍثانول انحَوً، انحخًَش، نفاٍات انوسق،  الكلماث الذالت:

Abstract 

In the work, discharged paper  products were utilized to produce bioethanol using physicochemical 

treatment. This solid waste was subjected to the treatment with dilute sulfuric acid at varying 

concentrations and ratios to release a substantial amount of monosaccharides, which were 

subsequently fermented into bioethanol by S. cerevisiae. The best yield was obtained at a 

concentration of 1.5% acid at a ratio 1 gm/10 mL (solid to acid solution) that yielded 32%. To 

increase the purity of the bioethanol, distillation and molecular sieve as a drying agent were utilized, 

resulting in a bioethanol concentration of 98%. The produced bioethanol was characterized using 

FTIR and NMR spectroscopy. In addition, the bioethanol was blended with regular gasoline at 

different ratios to produce E0, E6, E8, E10 and E12 mixtures. The ASTM method was used to 

evaluate these mixtures, including RVP, RON, density and water content. It was observed that RVP 

values decreased while the density increased with increasing ethanol content in the mixture. However, 
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the water content and RON of bioethanol-gasoline blends increased gradually with the addition of 

ethanol. The important aspect of this study is the production of bioethanol using an available and 

cheap feedstock using optimal conditions. 

 

Keywords: Bioethanol, Fermentation, waste paper, Pretreatment, and Biofuel. 

Introduction: 

The increasing global demand for permanent energy sources in association with the 

environmental burden of fossil fuel dependence has created enough interest in producing biofuels 

from renewable resources (Subramaniam & Masron, 2021). Among various biofuels, bioethanol 

stands out due to its compatibility with the existing internal combustion engine, its relatively 

clean combustion profile and the ability to reduce greenhouse gas emissions (Mićić & Jotanović, 

2015). Traditionally derived from food-based crops such as corn and sugarcane, bioethanol 

production has faced criticism due to the food-ban dilemma and its limited stability (Hattori & 

Morita, 2010). As a result, as the second-generation feedstocks for bioethanol production, 

especially the lignocellulosic biomass of waste materials, attention has been paid to the waste 

materials. Bioethanol production from waste paper has emerged as a promising strategy to 

address both environmental concerns associated with energy stability and paper waste 

accumulation (Wang, Sharifzadeh, Templer, & Murphy, 2012). The waste paper rich in cellulose 

acts as an excellent feedstock for bioethanol due to its abundance and low cost (Nishimura et al., 

2016). Recent studies have focused on customizing pretreatment and hydrolysis processes to 

increase sugar yield for fermentation. For example, a study by Annamalai et al (Annamalai et al., 

2020). It was demonstrated that in the hydrogen peroxide pretreatment at 121 ° C, the yield of the 

waste office has increased significantly from the paper and newspaper, leading to the ethanol 

concentration of 11.15 g/L and 6.65 g/L, respectively. Innovative approaches have also been 

explored to enhance process efficiency and stability. Wang et al (Wang, Templer, & Murphy, 

2012). investigated the environmental stability of bioethanol production from various waste 

papers, highlighting that the enzyme production and process are significant contributors to the 

environmental heat impact. In addition, integrating bioethanol production in existing pulp and 

paper mills has been proposed to utilize the existing infrastructure, which has reduced capital 

investment and promotes a circular economy (Branco, Serafim, & Xavier, 2018). Integration of 

mechanical and acid pretreatment techniques is important in increasing the efficiency of 

bioethanol production from waste paper. (Beluhan, Mihajlovski, Šantek, & Ivančić Šantek, 

2023). Dilute sulfuric acid is usually employed for hydrolysis and disrupting lignin structures, 

which releases fermentable sugars. A previous study by Thakare (Thakare & Trivedi, 2021), 

showed that treating waste paper with 5% sulfuric acid at 121 °C for 30 minutes effectively 

liberates monosaccharides suitable for fermentation. Similarly, a study by Alsaayigh and Al-

Azzawi (Alsaayigh & Al-Azzawi, 2025) employed dilute sulfuric acid pretreatment on office 

waste paper to release fermentable sugars, followed by fermentation and distillation processes, 

achieving significant ethanol yields. Another research (Tadmourt, Khiari, Boulal, & Tarabet, 

2024) optimized the acid hydrolysis conditions to maximize sugar yield from waste paper, 

highlighting the important parameters in bioethanol production. The co-operative application of 

mechanical and acid pretreatment increases the access of cellulose fibers, which improves 

enzymatic hydrolysis and high ethanol yields. This combined approach plays a vital role in 

changing waste paper, an abundant and renewable resource in bioethanol, which contributes to 

permanent energy solutions and waste management strategies. Saccharomyces cerevisiae is one 

of the most widely used microorganisms for converting feedstock into bioethanol from various 

wastes under different conditions (Park & Baratti, 1991). 

The efficiency of bioethanol production by S. Cerevisiae is remarkably affected by several 

environmental factors, including temperature, substrate concentration and pH (Ezea, 2023). 
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These parameters play a vital role in regulating yeast metabolism and the fermentation process. 

Temperature is an important factor affecting yeast growth and enzymatic activity. The optimal 

ethanol production is usually between 30 ° C and 35 ° C. The temperature below or above this 

range can prevent cell viability and slow fermentation due to the requirement for specific 

enzymes or stress-induced metabolic changes. The substrate concentration affects the 

concentration of fermented sugars and bioethanol yield. While high sugar concentrations can an 

increase in theoretical ethanol production, it can also result in substrate inhibition, low 

fermentation efficiency, and delayed yeast growth. Therefore, balancing the level of sugar is 

necessary to maintain optimal osmotic conditions and avoid inhibited fermentation. PH levels 

similarly affect yeast activity. S. The optimal pH for S. cerevisiae fermentation ranges from 4.0 to 

5.0. The deviations from this range can affect enzyme stability, eventually reducing ethanol 

productivity. Finally, maintaining optimal environmental conditions is important to maximise 

ethanol yield and ensure efficient fermentation performance by yeast (Gashaw, 2014). It is worth 

mentioning that bioethanol is one of the most common types of biofuels obtained from 

lignocellulosic biomass such as paper, cardboard and corn. Furthermore, it is used as an 

alternative to gasoline fuel or blended with gasoline in a concentration of 10% bioethanol to 90% 

gasoline (E10) to improve the quality of combustion and produce lower emissions of carbon 

monoxide. (Edeh, 2021) There are several advantages to using bioethanol as an alternative fuel, 

including being less toxic, derived from renewable feedstock, and reducing greenhouse gas 

emissions (Vohra, Manwar, Manmode, Padgilwar, & Patil, 2014).  

In summary, the acid pretreatment process is a critical stage in the bioconversion pathway of 

waste paper to bioethanol, with ongoing research focusing on optimizing conditions to maximize 

sugar yields while minimizing the production of fermentation inhibitors. Furthermore, this study 

aims to produce biofuel as an additive to gasoline fuel from an available and cheap raw material 

as well as improving the quality of gasoline fuel combustion.  

2. Methodology 

2.1 Chemicals and reagents. 

Reagents and chemicals were supplied by Fisher Ltd and Sigma- Aldrich, and then utilized as 

received without any further purification such as Sulfuric acid (H2SO4 98%), Sodium potassium 

tartrate, D (+) glucose, Urea reagent, 3, 5-dinitor salicylic acid. While the yeast (S. Cerevisiae -E 

419) and 3 A° molecular sieve were available in the domestic markets. 

2.2 Instrument used. 

Digital pH meter (Eutech instruments- PC 700), UV-Vis spectrometer (Model T92+), FTIR 

spectrometer (Bruker Alpha II-ATR, Germany), and NMR spectroscopy (Bruker, 500 MHz) were 

employed to investigate the obtained results in this current research 

2.3 Experimental section: 

2.3.1. Sample preparation. 

Waste paper was locally collected in Mosul city and used as a raw material in this current study 

to produce bioethanol. The sample was cut into small pieces using scissor. Afterward, waste 

paper was taken and dried in the dryer at 90°C for 24 hours to remove the humidity from the 

waste After moisture content determination, the dried raw material was stored in plastic bags and 

placed in a dry place until the next stage (Awol & Abate, 2021) the dried feedstock (waste paper) 

was crushed using an electric mixer with water to obtain sludge and thick feedstock, after that the 

sludge feedstock was dried to afford dried material. The physical pre-treatment  aims to reduce 

the crystalline structure of cellulose and maximize the exposed area, which improves the contact 

between the cellulose and hemicellulose with dilute acid (Gashaw, 2014). 

2.3.2. Chemical pre-treatment of the feedstock. 
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The lignocellulosic biomass can be converted to simple sugar before fermentation and this 

stage called hydrolysis (Madson & Lococo, 2000), the acid pretreatment step was reported 

according to modified established literature by Awol (Awol & Abate, 2021) Waste paper 

was treated with sulfuric acid at various concentrations of acid (1%, 1.5%, 2%, 2.5%) 

respectively. The mixture was refluxed for 4 hours, after that the resulting mixture was 

allowed to cool down to normal temperature, filtered off, and then wash the sample with 

distilled water until a pH value of 4-5 was attained. This is followed by collecting and drying 

the sample to be ready for the fermentation process. 

2.3.3. Fermentation. 

Bioethanol production was executed according to the modified procedure by Saleh (SALEH 

& Ahmed, 2023). Yeast (Saccharomyces cerevisiae 10%) was activated in 200 mL of sugar 

solution with stirring. 2% of urea was added to the resulting yeast inoculum and stirred for 

20 minutes at 40 °C for activation. The treated sample is placed in a 4 liter conical flask, and 

3 liters of distilled water are poured into the sample. Followed by the addition of the yeast 

activating solution. The process was carried out in the absence of oxygen (anaerobic 

fermentation) at 32°C and kept for 3 days until maximum released sugars were converted 

into bioethanol. The pH of the fermented solution was adjusted to 4-5, and it was monitored 

using a pH meter. Sugar level was monitored using a spectrophotometer (Uv-Vis) at 540nm. 

It is worth mentioning that the fermentation process was carried out three times at each 

specific concentration, and the average bioethanol yield was determined to ensure accuracy 

and minimize the experimental errors. 

 

2.3.4. Purification of bioethanol. 

After fermentation completion, the bioethanol produced was purified from the mixture by the 

distillation techniques according to the procedure by Chen (Chen et al., 2014). The alcohol is 

separated using simple and fractional distillation at 78-80°C to obtain high-purity bioethanol 

90-94%. The resulting alcohol concentration is measured by a hydrometer. In addition, the 

yield of bioethanol is dried using 3°A molecular sieve to obtain absolute bioethanol 98% also 

determined by the hydrometer tool. Bioethanol produced was analyzed and verified using 

FTIR analysis and 
1
H, 

13
C NMR spectroscopy. The percentage of bioethanol produced was 

calculated using the equation below (Alsaayigh & Al-Azzawi, 2025): 

{              

 
                              (  )                     (           ) 

                    (  )
     } 

 

2.3.5. Estimation of reducing sugar using the DNS method. 

Reducing sugar values of fermented feedstock was estimated according to modified 

procedures as described by Garriga et al (Garriga, Almaraz, & Marchiaro, 2017). 0.5 of 3,5- 

Dinitrosalicylic Acid (DNS) reagent was dissolved in 10 mL of 2N sodium hydroxide and 

then stirred slowly and solution containing 15 gm of sodium potassiumtartaric acid 

(KNaC4H4O6.4H2O) and 25 mL of distilled water was added to the resultant mixture under 

stirring conditions; the resulting solution was heated up to 45 °C with stirring to obtain a 

pure solution and then cooled down to room temperature. Lastly, the distilled water was 

added to 50 mL to obtain a clear stock solution. The reagent solution was stored at a 

temperature below 10°C in the refrigerator. To establish the standard curve, glucose standard 

solutions with concentrations between 0.1 and 1 mg/mL were prepared using test tubes. 2 

mL of distilled water and 1 mL of DNSA solution were added to each test tube, separately. 
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The solution in each tube was well mixed. All test tubes were heated at 90 °C for 10 minutes 

to allow colour development. Upon cooling, A volume of 5 mL distilled water was pipetted 

into each test tube. Afterwards,, absorbance was determined by a UV-Vis spectrometer at 

540 nm. 

2.3.6. Preparation and characterization of bioethanol-gasoline blends. 

Blending of high-purity bioethanol with gasoline in different blended rates (0%, 6%, 8%, 

10% and 12% (vol/vol) respectively, using a shaking machine at a fixed volume of 500 mL. 

Fuel characteristics of the tested base gasoline and bioethanol-gasoline blends were 

evaluated by American Society for Testing and Materials (ASTM) procedures. 

Comprehensive analyses were performed to document the fuel properties of the tested 

blends. Each binary mixture sample was measured to estimate the physico-chemical 

properties, including, density, RVP, water content and Research Octane Number RON.  

Reid Vapour Pressure (RVP) test is an important tool for describing the starting conditions of 

a gasoline engine and vapor lock. It was estimated by the test method adopted by ASTM-

D6378 (Mozaffari, Baird, Listak, & Oja, 2020) using a digital RVP analyzer (Eralytics 

Eravap). The density of  each fuel sample was measured using a Rudolph Research 

Analytical density meter, according to ASTM D4052 (Andrade, Prada, & Muniategui, 1995). 

The density of the fuel sample at 15.5 °C was estimated by injecting it into a density 

analyzer. The ASTM method D6304 was used to describe the procedure used to measure the 

water content of fuel (M.-J. Lin, 2023). The moisture content was evaluated using a digital 

coulometric titrator (koehler AKF5000). RON is considered one of the main parameters to 

estimate the knocking characteristics of gasoline fuel. It is an important measurement for 

internal combustion engines at low speeds that reach 600 rpm (normal conditions). In the 

current study, RON of both gasoline and binary mixture fuel samples were measured 

following ASTM-D2699, using a CFR engine (Kolodziej & Wallner, 2017). 

3. Results and discussion 

Bioethanol was produced from paper waste after physical and chemical treatments, which 

were conducted on the feedstock to reduce the crystallinity domain of cellulose and increase 

the surface area to facilitate the hydrolysis process (Beluhan et al., 2023). The acid pre-

treatment process was employed at various concentrations of sulfuric acid (1%, 1.5%, 2%, 

2.5%) at a constant ratio (1:10 waste paperː acid solution wt./vol.) as shown in Table 1.  

Table 1. Data obtained from acid pretreatment of office paper waste and fermentation 

parameters. 

Sample 
Acid 

concentratio

n (H2SO4) 

Solid waste 

to acid 

ratio(wt/vol

.) 

pH 

valu

e 

Fermentatio

n period 

(days) 

Bioethan

ol yield 

(%) 

Sample 

1 

1.0% 1ː10 4.2
b
-

4.3
a
 

3 30.5 

Sample 

2 

1.5% 1ː10 4.3
b
-

4.5
a
 

3 32.0 

Sample 

3 

2.0% 1ː10 4.5
b
-

4.6
a
 

3 23.6 

Sample 

4 

2.5% 1ː10 4.8
b
-

4.9
a
 

3 21.0 

a: it refers to the pH level after a fermentation, b: the pH level before the fermentation.  

It can be observed that the highest bioethanol yield from acid pretreated waste at 1.5% 

(Sample 2) was found to be 32.0% compared to other pretreated samples. The results 
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suggested that the bioethanol productivity depended mainly on the concentration and ratio of 

acid used with the pretreated waste. In addition, the purity and yield of bioethanol were also 

influenced by fermentation conditions and purification methods. It can be noted that sample 

2 showed the highest bioethanol yield. It was hypothesized that high concentrations of acid 

during the pretreatment process may generate more inhibitors such as furfural, 

Hydroxymethylfurfural (HMF), that affect severely the outcome of the process (Volynets, 

Ein-Mozaffari, & Dahman, 2017).  

 
Figure 1. Bioethanol yield from waste paper samples using different acid pre-treatment 

conditions. 

In fermentation, many researchers revealed that temperature plays a crucial role in anaerobic 

metabolism. Bioethanol yield improves as the temperature rises, attaining an optimal level at 

35 °C; below this temperature, the fermentation rate is slow, while above 45 °C, the yeast 

used would denature (Y. Lin et al., 2012; Salihu, Usman, Abubakar, & Mansir, 2022; Torija, 

Rozes, Poblet, Guillamón, & Mas, 2003). The productivity of bioethanol can be theoretically 

performed using S. cerevisiae with a percentage yield that reaches 51% (Ruchala, Kurylenko, 

Dmytruk, & Sibirny, 2020). The current work showed a considerable enhancement in the 

bioethanol yield compared to previous studies (Annamalai et al., 2020; Dubey, Gupta, Garg, 

& Naithani, 2012; Obara, Okai, Ishida, & Urano, 2015). This can be attributed to improving 

the fermentation performance of yeast by a reduction of fermentation inhibitors, leading to 

improvements in yeast fermentation efficiency. In terms of the S. cerevisiae activity aspect, it 

can survive in acidic media that range from 4 to 6 (Janani, Ketzi, Megavathi, Vinothkumar, 

& Ramesh Babu, 2013). Previous studies indicated that the optimum pH range for maximum 

bioethanol productivity is between 4.5 and 5.0 (Y. Lin et al., 2012; C.-L. Wong, Yen, Lin, & 

Chang, 2014; Y. Wong & Sanggari, 2014). The glucose stock solution was prepared and 

used to generate a standard curve for estimating the reducing sugar content in each sample 

before and after fermentation. The sugar concentrations in both the glucose stock solution 

and the paper waste samples were determined by measuring their absorbance at 540 nm and 

comparing the values to the standard curve. Results from the standard graph showed a 

significant increase in reducing sugar levels in the treated samples after fermentation 

processes. The results of glucose concentration following acid pre-treatment of office paper 

waste are tabulated in Table 2. Among the samples, sample 1 exhibited the highest sugar 

concentration at 31.05 mg/mL, compared to 30.08 mg/mL in sample 2, 26.2 mg/mL in 

sample 3, and 21.1 mg/mL in sample 4. An increase in the acid concentration during the pre-

treatment step led to a lower release of free sugars, which were subsequently converted to 

bioethanol through the fermentation process. The fermentation process of pre-treated 

samples was carried on under optimal conditions at 32 °C for three days using S. cerevisiae. 
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After 72 hours, the remaining sugar concentrations in the fermentation broth were 3.64 

mg/mL for sample 1, 4.2 mg/mL for sample 2, 2.35 mg/mL for Sample 3, and 3.8 mg/mL for 

Sample 4. Overall, it was observed that there was a significant decrease in sugar levels after 

yeast fermentation, indicating substantial sugar consumption by sugars by the yeast (Ajit et 

al., 2018). Overall, the bioethanol yields correspond to the initial sugar concentrations. 

Table 2. Data of released sugar level in treated paper waste before and after the fermentation 

process. 

Fermented 

sample (mL) 

Distil

led 

water 

(mL) 

D

N

S 

(m

L) 

Distil

led 

water 

(mL) 

Absorba

nce at 

540 nm 

Dilut

ion 

(D) 

(mL) 

Sugar 

conte

nt 

(mg/

mL) 

Sample 1
b
( 1.0) 

1.0 

 

1.0 

 

5.0 

 

0.910 27 31.05 

Sample 1
a
( 1.0) 0.334 7 3.64 

Sample 2
b
( 1.0) 1 418 28 16.5 

Sample 2
a
( 1.0) 1 654 5 4.2 

Sample 3
b
( 1.0) 1 616 32 26.2 

Sample 3
a
( 1.0) 1 381 5 2.35 

Sample 4
b
( 1.0) 1 .41 22 21.1 

Sample 4
a
( 1.0) 0.60 5 3.8 

(b): it refers to glucose level before fermentation, (a): it refers to glucose level after 

fermentation, and (D): dilution factor. 

The purity of the bioethanol from different samples was verified through FTIR analysis after 

undergoing distillation and dehydration. It can be observed that FTIR spectra exhibited 

similar trends as illustrated in Figure 4 A, B, C and D. The results obtained for all analysed 

samples (Samples 1, 2, 3, and 4) displayed the O-H, C-H, C-C, and C-O stretch absorption 

bands of bioethanol in the FTIR spectrum. As expected, the identified broad peak appeared 

around (3332-3336 cm
-1

), which corresponds to the hydroxyl group (O-H) stretching 

vibration of bioethanol. Therefore, the presence of the functional group in alcohol was 

confirmed. The presence of distinctive absorption peaks between 2974 cm
-1

 and 2885 cm
-1

 

was indicative of the presence of C-H stretching vibration. Moreover, the sharp band at a 

wavenumber of approximately 1380 cm
−1

 was also noted, which was associated with the C-

OH band in bioethanol. These absorbance peaks 1087 and 1045 cm
-1 

were observed in the 

FTIR spectrum, which correspond to the C-O stretch. The FTIR results of the current study 

were similar to those of previous studies (Hamden, El-Ghoul, Alminderej, Saleh, & 

Majdoub, 2022; SALEH & Ahmed, 2023), which confirmed that the peaks that appeared in 

the region of 2,900 and 3,300 cm
−1

 were attributed to CH and OH molecule groups, 

respectively. Absorbance signals between 1045 cm
−1

 and 1380 cm
−1

 were observed, which 

are due to stretching bands of the -CH2 functional group. 
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                       (A)                                                                                           (B) 
 

 
(C)                                                                                           (D)           

Figure 2. FTIR images of bioethanol produced from sample 1 (A), sample 2 (B), and sample 

3 (C), and sample 4 (D) with pre‑treatment by H2SO4 at different concentrations. 

These findings have been well aligned with the results obtained from ¹ NMR spectroscopy. 

The 
1
H NMR spectrum (Figure 3a) of bioethanol displayed a triple peak at approximately 0.9 

ppm, corresponding to the methyl proton (-CH3), and a quartet peak around the 3.3 ppm, 

reflects the methylene proton (-CH2-) adjacent to the hydroxyl group, Additionally, the broad 

singlet peak appearing around 4.6 ppm confirms the presence of exchangeable hydroxyl 

proton (-OH), supporting the identification of bioethanol. The results obtained agreed with 

previous research (Hamden et al., 2022; SALEH & Ahmed, 2023) that confirmed the 

chemical structure of bioethanol using the 
1
H NMR technique. Furthermore, the 

13
C NMR 

spectrum (Figure 3b) revealed two prominent peaks at 17 ppm and 57 ppm, corresponding to 

the methyl and methylene carbon atoms, respectively. Moreover, it can be noted that a signal 

was observed at 77 ppm, this corresponded to carbon in CDCl3 solvent. The data obtained 

coincides with other existing results (Tabah, Pulidindi, Chitturi, Arava, & Gedanken, 

2016).Combined spectroscopic data from FTIR and NMR decisively validate the formation 

of bioethanol, which demonstrates the effectiveness of the fermentation process in 

transforming the substrate into a structurally pure alcohol. 
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(a) 

 
(b) 

Figure 3.
 
(a)

1
H NMR spectra, (b) 

13
C NMR spectra of the bioethanol produced from paper 

waste in deuterated chloroform (CDCl3) at 400 MHz. 

This work also investigated the performance of bioethanol-gasoline blends with different 

proportions of bioethanol, with the goal of examining their potential as alternative fuel 

options for internal combustion engines (ICE). The data obtained from the ASTM analysis 

methods, including density, RVP, RON, and water content, were tabulated in Table 3. It can 

be noted that density values of pure gasoline (E0) and bioethanol-gasoline blended fuel 

samples (E6, E8, E10, and E12) varied from 0.7260 g/cm
3
 to 0.7381 g/cm

3
, as represented in 

the density curve (Figure 6a). The densities of E6, E8, E10, and E12 were slightly higher 

than the untreated gasoline sample (E0) by 0.90%, 1.1%, 1.3%, and 1.6%, respectively. The 

observed increase in density with higher bioethanol volumes can be explained by the 

inherently greater density of bioethanol in comparison to pure gasoline  (Kareem, Ahmed, & 

Mustafa, 2023). The results supported the findings of a previous research by Bassiouny et al. 

(El-Bassiouny, Aboul-Fotouh, & Abdellatief, 2015), the research exhibited that the 

bioethanol addition in gasoline of E5, E10, E15, and E20 would increase the density 

compared to base gasoline E0. However, Fotouh and his group (Aboul Fotouh, Mazen, & 
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Ashour, 2017) revealed that the volume percentage of bioethanol was 10% or less, and the 

density of the bioethanol-gasoline fuel sample became lighter. 

Table 3. Specifications of base gasoline and its blends with bioethanol at different ratios. 

Characteristics 

Test 

meth

od 

(AST

M) 

 Bioethanol ratio in the fuel 

 
E0(0

%) 

E6 

(6%

) 

E8 

(8%) 

E10 

(10

%) 

E12 

(12

%) 

Density (g/cm
3
 at 

15.5 °C) 

ASTM

-

D405

2 

 
0.72

60 

0.73

26 

0.73

45 

0.73

61 

0.73

81 

RVP (Kpa at 37 °C) 

ASTM

-

D519

1 

 69.6 65.3 64.2 63.0 61.5 

RON 

ASTM

-

D269

9 

 83.0 86.0 87.0 88.0 89.0 

Water content 

(ppm) 
  35 1490 

181

4 

204

2 

211

4 

Color 
yello

w 
 

yello

w 

yello

w 

yell

ow 

yell

ow 

yell

ow 

The behavior of binary mixture fuel was significantly different from pure gasoline, although the 

RVP of bioethanol was much lower than that of normal gasoline. The RVP gradually decreased 

with the addition of bioethanol, as presented in Figure 6b. A decrease in the RVP of the fuel 

blends was linked to trace water content in the binary mixture, which rises with blend volume 

and may impact fuel volatility (water is more difficult to evaporate compared to bioethanol and 

gasoline) (Murachman, Pranantyo, & Putra, 2014a). On the other hand, the decrease in the RVP 

of fuel resulted in poor performance of ICE engines, especially in the winter season, as well as 

more emissions that are susceptible to evaporation. In contrast, Sharma and Bharj (Sharma & 

Bharj) revealed that RVP values increased when the percentage of ethanol was 5% and 10% v/v. 

This can be linked to the formation of azeotropes between ethanol and the standard hydrocarbon 

components of gasoline. Due to Azeotrope formation, ethanol-gasoline blends exhibit a positive 

deviation from ideal behavior, leading to higher vapor pressure in the binary mixture compared to 

pure gasoline for ethanol concentrations up to around 10% vol./vol. 

The octane rating of bioethanol-gasoline blends varies from 83 to 89, with marked variations 

linked to the amount of ethanol incorporated into the base gasoline. Figure 6c represents the 

variation of RON with the percentage of bioethanol. The RON increased from 83 at E0 (100% 

gasoline) to 86 at E6. It was observed that the RON values for E6, E8, E10 and E12 were higher 

than the traditional gasoline by 3, 4, 5 and 6 points of RON value, respectively. As the bioethanol 

content increased, the RON value showed a steady increase, aligning with the high RON of 

absolute  bioethanol at 108 (Sindhu et al., 2019). In comparison, the results obtained are in good 

agreement with a previous study that investigated the influence of feedstock blends on the value 

of gasoline  s octane number (Wibowo, Sugiarto, Zikra, Budi, & Mulya, 2018). Eventually, 

bioethanol addition plays a vital role in improving spark ignition fuel in car engines if it is added 

within a limited range (Aboul Fotouh et al., 2017). 
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Figure 6d displayed that the water absorptive capacity of binary mixtures increased significantly 

with the increase of bioethanol content. It can be noticed that pure gasoline already holds up to 35 

ppm, while the water solubility of E6 is approximately 41 times higher compared with base 

gasoline. Moreover, the water content of E8 increased by 21% compared to E6, but E12 showed 

the highest water solubility of 2114 ppm relative to other samples. Additives such as bioethanol 

can increase the absorption of water in a gasoline blend. It is probably due to the polar character 

of bioethanol and its ability to form hydrogen bonds with water. Ethanol is a strongly hydrophilic 

compound and therefore absorbs water easily in the form of air humidity during the storage 

process. It is important to highlight that bioethanol-gasoline blends' resistance toward moisture is 

considerably influenced by bioethanol content and blending temperature (Murachman, Pranantyo, 

& Putra, 2014b). The results from the current study coincided with the previous study by 

Muzikova et al.(Mužíková, Pospíšil, Černý, Šebor, & Zadražil, 2008). 

 

 
(a)                                                                        (b) 

 
(c)                                                                       (d) 

Figure 4. Graphs showing density (a), RVP (b), RON (c), and water solubility of blended 

fuels (d) vs different bioethanol percentages of fuel blends. 

High water content in bioethanol fuel can dramatically affect the performance and durability 

of the internal combustion engine ICE. When the water content exceeds the standard range, it 

causes a reduction in the heating value of the fuel, resulting in a decrease in the engine 

thermal efficiency and the fuel consumption to maintain power generation. Furthermore, 

water interferes with the combustion process by changing the air-fuel ratio, which may result 

in incomplete combustion, engine misfiring, and high emissions of carbon monoxide and 

unburned hydrocarbons. In ethanol-gasoline mixtures, excessive water phase can induce 

separation, producing a non-uniform fuel mixture that can cause knocking, stalling or engine 

damage. In addition, the presence of water accelerates the rust in the components of the fuel 

system, including fuel lines, injectors and combustion chambers, and rubber seals and 

gaskets may be degraded, eventually reducing engine lifespan. Therefore, controlling water 
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content in ethanol fuel is necessary to ensure optimal engine performance, fuel stability and 

compliance with emission standards. 

CONCLUSION 

According to results from the current work, the acid hydrolysis of the paper waste released 

mono and di sugars that can be converted to bioethanol via the fermentation process. The 

acid hydrolysis with biomass waste at a ratio of 10:1 vol./wt. (sample 1) yielded more 

glucose molecules compared to other samples. ,Afterwards, the free glucose from the waste 

was subjected to a fermentation process using yeast at pH=4.5 and 32 °C for 72 hours. Upon 

completion, bioethanol was produced into a fermented solution. The use of simple 

distillation, followed by fractional distillation and dehydration resulted in high bioethanol 

yield and purity. Based on the results obtained, it can be concluded that waste paper is a 

suitable feedstock for bioethanol production. From the economic perspective, paper wastes 

are very abundant and low-cost lignocellulosic feedstocks with high cellulose and low lignin 

contents, which makes these materials a very attractive substrate for bioethanol production. 

Bioethanol was used as an additive to gasoline as bioethanol-gasoline blends at different 

ratios of bioethanol (0, 6, 8, 10, and 12%). Binary fuel blends containing up to 12 vol.% 

bioethanol can be used as alternative fuels in variable-speed spark ignition engines without 

requiring any modifications. The analytical and experimental performance of fuel blends was 

determined to evaluate the influence of using alternative fuel instead of pure gasoline. It was 

also observed that blending gasoline with bioethanol increased density, RON, and water 

content. Gasoline with a bioethanol content of 12% (vol./vol.) can boost the RON value by 6 

points compared to base gasoline. The binary mixture fuel blends can be utilized by the car 

engine smoothly without any engine modification.  
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