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Abstract  

 
Determining the efficiency of the simple distillation process for 

bioethanol production from fruit peels involves evaluating key 

parameters such as yield, final product purity, and energy consumption. 

The process efficiency varies depending on factors like fruit type, 

fermentation conditions, and distillation methodology. Advances in 

fermentation and distillation technologies can significantly enhance both 

the yield and purity of the resulting bioethanol. 
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Resumen 

 
Determinar la eficiencia del proceso de destilación simple para producir 

bioetanol a partir de cáscaras de fruta implica evaluar parámetros clave 

como el rendimiento, la pureza del producto final y el consumo de 

energía. La eficiencia del proceso varía según factores como el tipo de 

fruta, las condiciones de fermentación y la metodología de destilación. 

Los avances en las tecnologías de fermentación y destilación pueden 

mejorar significativamente tanto el rendimiento como la pureza del 

bioetanol obtenido. 
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Introduction 
 

Biofuels are liquid or gaseous fuels derived from 

biomass, which consists of organic matter from 

plant or animal sources. As a renewable 

alternative to fossil fuels, they can reduce 

greenhouse gas emissions and decrease reliance 

on non-renewable energy sources. 

 

Types of Biofuels 

 

1. Bioethanol: Produced through the 

fermentation of sugars and starches in 

crops such as sugarcane, corn, and sugar 

beet. Primarily used as a gasoline 

additive or substitute. 

2. Biodiesel: Derived from vegetable oils 

(e.g., soybean, palm, sunflower) or 

animal fats. Functions as a diesel 

replacement in internal combustion 

engines. 

3. Biogas: Generated via anaerobic 

digestion of organic waste (e.g., manure, 

agricultural residues, food waste). 

Composed mainly of methane, it is used 

for electricity or heat generation. 

 

Advantages of Biofuels 

 

- Renewability: Sourced from biomass, a 

sustainable energy feedstock. 

- Emission Reduction: Combustion 

typically releases fewer greenhouse 

gases than fossil fuels, though lifecycle 

impacts vary by biofuel type. 

- Energy Diversification: Reduces fossil 

fuel dependence and enhances energy 

security. 

- Rural Development: Creates 

agricultural opportunities and stimulates 

local economies. 

 

Challenges 

 

- Food vs. Fuel Debate: Competition for 

arable land and resources may threaten 

food security. 

- Environmental Concerns: Some 

feedstocks contribute to deforestation, 

water scarcity, or excessive fertilizer use. 

- Variable Efficiency: Production 

efficiency depends on feedstock and 

processing methods. 

- Infrastructure Limitations: Requires 

specialized systems for production, 

distribution, and storage. 

 

Current Status and Outlook 

 

Global biofuel production is expanding due to 

climate policies and environmental awareness. 

However, biofuels still constitute a minor share 

of transportation energy. Second-generation 

biofuels—those derived from non-food biomass 

(e.g., agricultural residues, algae)—hold 

significant promise for sustainable scalability. 

 

Justification for the Study 

 

The need for this study arises from the following 

context. Ethanol (ethyl alcohol), a volatile and 

flammable liquid produced through the 

fermentation of plant biomass, serves as a 

critical solvent and co-solvent in chemical 

industries. Currently, sugarcane is the primary 

feedstock for ethanol production. However, its 

limited availability poses a significant challenge: 

only 70 liters of ethanol are produced per ton 

of sugarcane, highlighting the urgency for 

sustainable alternatives. To reduce reliance on 

sugarcane, exploring alternative feedstocks for 

bioethanol production is essential. 

 

This study focuses on fruit peels as a 

viable alternative for biofuel generation. The 

research aims to investigate, design, and 

implement innovative biofuel solutions tailored 

to regional contexts, with the broader goal of 

promoting environmental sustainability. By 

diversifying feedstock sources, this work seeks 

to mitigate resource exploitation while 

advancing global biofuel technologies. 

 

Study Objectives 
 

This research aims to valorize organic waste 

materials - commonly discarded as useless - by 

converting them into bioethanol through 

fermentation and simple distillation processes. 

The study will apply fundamental chemical 

principles, focusing specifically on simple 

distillation techniques to separate components 

from fruit peel waste (orange, banana, pineapple, 

and their combinations). 

 

Current industrial practices utilize 

primary organic resources for bioethanol 

production. In contrast, our approach seeks to 

exclusively employ waste materials collected 

from restaurants and households, thereby 

avoiding competition with food-grade resources 

while promoting circular economy principles. 
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The study has three primary objectives: 

 

1. To determine the production efficiency 

of bioethanol derived from various fruit 

peels via simple distillation 

2. To optimize laboratory-scale processes 

for maximum yield 

3. To assess the potential for scaling up 

production to industrial volumes 

 

This investigation will provide crucial 

data for developing sustainable bioethanol 

production methods that utilize waste streams 

rather than dedicated agricultural resources. 

 

Application Background 

 

Bioethanol is a chemical product derived from 

sugar fermentation in plant materials including 

cereals, sugar beets, sugarcane, and 

lignocellulosic biomass. These sugars exist in 

combined forms such as sucrose, starch, 

hemicellulose, and cellulose (Moheno de la Cruz 

M., n.d.). Ethyl alcohol (ethanol) is a colorless, 

flammable liquid with lower density than water, 

widely used in alcoholic beverage production 

and as a fuel additive. 

 

Notable research initiatives demonstrate 

the potential of waste-to-bioethanol conversion: 

 

1. University of Guanajuato Project: 

 

- Utilized pineapple peel waste to prevent 

competition with food crops 

- Process methodology: 

 

a) Cellulose extraction from pineapple bagasse 

b) Acid hydrolysis of cellulose to glucose 

c) pH neutralization to 5.0 

d) Batch fermentation using Saccharomyces 

cerevisiae at 30°C with turbine agitation 

 

2. National University of Colombia 

Study (Monsalve et al., 2006): 

 

- Produced ethanol from banana peels and 

cassava starch 

- Employed sulfuric acid hydrolysis 

- Tested dual fermentation with 

Saccharomyces cerevisiae and 

Zymomonas mobilis 

- Achieved ethanol concentrations 

approaching 8% 

 

 

3. Orange Peel Potential [Rincón et al., 

2005]: 

- Peels constitute 45-60% of fruit weight 

- Demonstrated suitability for spark-

ignition engine applications 

- Lignocellulosic conversion involves: 

• Size reduction 

• Delignification 

• Acid hydrolysis 

• Fermentation 

• Distillation [Teubner et al., 1999] 

 

This waste valorization approach offers 

promising market opportunities while 

addressing food-vs-fuel concerns through 

sustainable biomass utilization. 

 

Methodology and Experimental Procedures 

 

The bioethanol production process will follow 

these sequential steps: 

 

1. Feedstock Preparation: 

 

- Acquisition of organic waste materials: 

orange peels (Citrus × sinensis), banana 

peels (Musa spp.), and pineapple peels 

(Ananas comosus) 

 

2. Thermal Pretreatment: 

 

- Cook selected peels in a sealed stainless 

steel vessel 

- Conduct triplicate experimental trials 

under controlled conditions: 

 

• Bring deionized water to boiling point 

[100°C at 1 atm] 

 

• Maintain boiling conditions for 20 

minutes [±30 sec] 

 

• Terminate heating and allow 5-minute 

equilibration period 

 

3. Mechanical Processing: 

 

- Homogenize cooked peels using a 

laboratory-grade blender [1000W, 

20,000 rpm] 

 

- Process until achieving uniform paste 

consistency [particle size <2mm] 
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4. Fermentation Protocol: 

 

- Transfer 500g aliquots of paste to sterile 

fermentation vessels 

 

- Inoculate with Saccharomyces cerevisiae 

[ATCC 204508] at 5% w/w 

 

- Maintain anaerobic conditions at 28±1°C 

for 8-10 days 

 

5. Liquid-Solid Separation: 

 

- Filter fermented mash through sterile 

cheesecloth [400μm mesh] 

 

- Collect filtrate as fermentation broth [pH 

4.5-5.0] 

 

6. Distillation Process: 

 

- Employ simple distillation apparatus 

[Liebig condenser, 70°C bath] 

 

- Collect ethanol fraction between 78-

82°C 

 

7. Waste Valorization: 

 

Dry residual solids at 60°C for 24h 

Process into poultry feed supplement [40% 

crude protein] 

 

Box 1 
 

 

 
Figure 1 

Flowchart of the Bioethanol Production Process by Simple 

Distillation    
Author's own work 

 

 

 

 

 

 

  Box 2 
 

 
 

Figure 2 

Fruit peels: pineapple, orange, banana, and 

pineapple, respectively  
[Author's own work]       

 

 

  Box 3 
 

 
 

Figure 3 

Fermentation of the pre-treated feedstock 

following thermal processing and homogenization 
 

 [Author's own work]       

 

 

  Box 4 
 

 
 

Figure 4 

Laboratory-scale simple distillation process 

 [Author's own work]       
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Box 5 
Table 1 

 Summary data table 

 
 

MP [ml] of 

bioethanol 

obtained 

[gr] 

de 

MP 

[ml] of 

fermented 

filtrate 

[gr] 

 of 

residue 

T 

 o 

C 

ph 

Pineapple 255 1550 1050 941 75 4 

Orange 740 3000 3864 1585 80 4 

Banana 648 1111 1830 1830 80 4 

Combined 380 1114 930 1231 79 4 

 

  Box 6 
 

 
 

Figure 5 

Volume of Bioethanol [ml] Obtained 

[Author's own work]       

 

 

  Box 7 
 

 
 

Figure 6 

General Results  
[Author's own work]       

 

 

 

Results Analysis 

 

To determine the efficiency of bioethanol 

production, several formulas and models can be 

employed, incorporating factors such as 

conversion yield, energy consumption, and the 

purity of the ethanol produced [Pereira, R. D., et 

al. 2018], [Liu, K. 2011]. 

 

Ethanol yield per sugar consumed as: 

 

Yield =
Ethanol produced (g) 

𝑆𝑢𝑔𝑎𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 [𝑔]
∗ 100                        [1] 

 

𝑌𝑖𝑒𝑙𝑑 𝑃𝑖𝑛𝑒𝑎𝑝𝑝𝑙𝑒 =
255 (𝑔) 

1550 [g]
∗ 100 = 16.45 %   

 

𝑌𝑖𝑒𝑙𝑑 𝑂𝑟𝑎𝑛𝑔𝑒 =
740(𝑔) 

3000 [g]
∗ 100 = 24.66 %   

 

𝑌𝑖𝑒𝑙𝑑 𝐵𝑎𝑛𝑎𝑛𝑎 =
648 (𝑔) 

1111[g]
∗ 100 = 58.32 %   

 

𝑌𝑖𝑒𝑙𝑑 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 =
380(𝑔) 

1114[g]
∗ 100 = 34.11 %   

 

Ethanol purity was calculated as: 

 

Purity(%) =
Pure ethanol [g]

Total distillate [g]
∗ 100                   [2] 

Purity Pineapple =
255 [g]

1050[g]
∗ 100 = 24.28 % 

Purity Orange =
740 [g]

3864[g]
∗ 100 = 19.15 % 

Purity Banana =
648 [g]

1830[g]
∗ 100 = 35.40 % 

Purity Combined =
380 [g]

930[g]
∗ 100 = 40.86 % 

 

  Box 8 
 

 
 

Figure 7 

Yield vs Purity 
[Author's own work]       
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  Box 9 
 

 
 

Figure 8 

Activation testing of the produced bioethanol 
 [Author's own work]       

 

  Box 10 
 

 
Figure 9 

Post-fermentation residues of the sample 
 [Author's own work]       

 

The relationship between purity and 

yield in bioethanol production presents a 

technical and economic balance that varies 

depending on the technologies used. 

 

In this research and experimentation 

work, a simple distillation process was used, 

consisting of four key stages, where each phase 

influences the purity and final yield of the 

obtained bioetanol. 

 

1. Physical Pretreatment 

2. Hydrolysis 

3. Fermentation 

4. Simple Distillation 

 

Where the following variables were 

controlled: sample size [fruit peel], temperature, 

and cooking time during pretreatment; time, acid 

concentration used for hydrolysis; temperature, 

pH, time, and yeast application in fermentation; 

as well as temperature, time, and recovered 

bioethanol volume during distillation. 

 

 

Conclusions 

 

1. The data indicate that there is no direct 

correlation between purity and yield, but 

rather they depend on operational 

conditions. 

 

2. Redistillation: Increases purity up to 

85%. 
 

3. Double distillation is crucial to achieve 

concentrations suitable for fuel use. 

 

4. Saccharomyces cerevisiae is the most 

commonly used yeast due to its high 

efficiency in sugar-to-ethanol 

conversion. However, in this research 

and experimentation, it was not a 

determining factor for the efficiency or 

purity of the obtained bioethanol 

 

5.  This study confirms that organic 

waste—specifically pineapple, banana, 

papaya, and orange peels—can be 

effectively converted into bioethanol via 

cooking, liquefaction, fermentation, and 

distillation. The research successfully 

validated both the proposed feedstock 

combinations and the processing 

approach. 
 

6. Beyond generating an alternative, 

renewable biofuel with potential to offset 

fossil fuel use, this process transforms 

waste materials into valuable resources, 

aligning with circular economy 

principles. 
 

7. Post-fermentation and filtration residues 

were dehydrated, pulverized, and 

repurposed as livestock feed. Further 

research is required to quantify their 

nutritional contribution to animal diets. 
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