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Abstract: 

The most popular biofuel is biodiesel, an excellent replacement for petrol and diesel. Biodiesel is produced from vegetable waste 

such as spinach, potato peels, pea pods, and cauliflower leaves, seeds like low-quality groundnut and soybean, and algae such as 

Chlorella. Chlorella absorbs carbon dioxide and water to produce lipids, which can contain 20-50% oil. Biodiesel is created by 

extracting and converting these harvested lipids through a process called transesterification reaction, which transforms the lipids 

into biodiesel and generates renewable energy. Biodiesel can be produced using four primary methods: direct use and blending of 

vegetable oils, formation of microemulsions, thermal cracking (also known as pyrolysis), and the transesterification process. The 

manufacturing of algae biodiesel involves two crucial steps: first, drying the algal biomass, followed by lipid extraction. The 

second phase also involves transesterification reaction, converting lipids into biodiesel. Biodiesel is favoured as a renewable 

energy source due to its biodegradability, low toxicity, reduced emissions, low sulphur content, and minimal concentration of 

polycyclic aromatic hydrocarbons [PAHs]. The production of biodiesel from leftover vegetables and algae offers significant 

social, economic, and environmental benefits. Compared to petroleum diesel, this eco- friendly method can cut greenhouse gas 

emissions by up to 80%, enhancing air quality and mitigating the effects of climate change. 
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Introduction: 

Biodiesel belongs to the group of biofuels and is considered a cleaner alternative to conventional fossil fuels. Unlike petroleum- 

based diesel, biodiesel contains little to no sulfur and lacks toxic aromatic compounds such as benzene, toluene, and xylene. One 

major advantage of biodiesel is that it does not require significant engine modifications, making it a promising renewable fuel 

source [1]. 

Biofuels can exist in solid, liquid, or gaseous forms and are derived from various biomass sources, including methanol, ethanol, 

hydrogen, methane, and vegetable-based oils. In many developing countries, biofuels are gaining attention due to their potential 

to reduce energy costs, enhance energy security, and provide socioeconomic benefits. However, biofuel crops such as soybean 

and corn pose a food security challenge as they compete with agricultural resources. In contrast, algal biomass offers a sustainable 

alternative since algae can grow in contaminated freshwater, seawater, and even wastewater [2–9]. 

Algal Biomass as a Sustainable Feedstock - Algae and cyanobacteria were among the first photosynthetic organisms on Earth. 

Their ability to absorb carbon dioxide and release oxygen played a crucial role in shaping Earth’s atmosphere. Today, these 

microorganisms continue to be valuable in combating global warming by sequestering atmospheric carbon [10–15]. 

Currently, approximately 80% of global energy demand is met by fossil fuels, contributing to severe environmental issues, 

including climate change, pollution, and public health risks [16]. Biodiesel production from renewable resources, particularly 

algal biomass, presents an opportunity to mitigate these concerns. Algae have a high growth rate and lipid content, which makes 

them an efficient feedstock for biodiesel production. Unlike traditional oilseed crops, algae can quadruple their biomass within 24 

hours under optimal conditions [17]. 

Use of Vegetable Waste for Algal Growth - A significant innovation in algal biodiesel production is the use of vegetable waste 

as a nutrient source for algal cultivation. Vegetable waste is rich in organic matter, nitrogen, and phosphorus, essential for algal 

growth. Utilizing this waste reduces food waste and lowers production costs, making biodiesel production more economically 

viable. Additionally, this approach promotes a circular bioeconomy, where waste is converted into valuable energy sources [18–

20]. 

 

Biodiesel Production Process & Challenges - Biodiesel is typically produced through transesterification, where algal lipids are 

converted into fatty acid methyl esters (FAME) using a catalyst. Sodium hydroxide (NaOH) is one of the most commonly used 

catalysts in this process [21–22]. However, despite its advantages, biodiesel production from algae faces several challenges, 

including: 

➢ Elevated production expenses in comparison to fossil fuels. 

➢ Scaling difficulties in large-scale algal farming. 
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➢ Nutrient and water demand for optimal lipid production. 

Addressing these challenges through genetic engineering, bioprocess optimization, and the use of waste-based culture media is 

crucial for improving biodiesel yield and making the process more cost-effective [23–24]. 

Environmental and Economic Impact - Using microalgae for biodiesel production significantly reduces carbon emissions, making 

it an environmentally friendly option. However, it is important to maintain low emissions throughout the entire supply chain to 

ensure sustainability [25]. 

Economically, microalgae-based biodiesel production has the potential to boost rural economies by providing farmers and local 

communities with an alternative income source Additionally, it contributes to energy independence by decreasing dependence on 

imported fossil fuels.[26]. 

Algal biomass, particularly when cultivated using vegetable waste, represents a promising feedstock for sustainable biodiesel 

production. Its rapid growth, high lipid content, and carbon sequestration capabilities make it an attractive alternative to 

traditional biofuel sources. While challenges remain, advancements in bioprocessing, genetic engineering, and waste-based 

cultivation can significantly improve biodiesel yield and economic feasibility. This research aims to explore the potential of 

vegetable waste as a cost-effective and eco-friendly medium for algal growth and biodiesel production. 

Merits of Algal Biofuel: - Biodiesel improves health by reducing greenhouse gas emissions and air pollutants.[27]. 

Prospects of Algal Biofuel: - Bioprospecting is essential for discovering algae species with desired traits that can thrive on low-

cost media. Algae are increasingly being seen as a promising future source of biodiesel. It can be cultivated without the need for 

prime agricultural land and can even thrive in desert like conditions with brackish and salty waters that are unsuitable for terrestrial 

crops. [28-30]. 

Methodology: 

Sample collection – The vegetables waste was collected from Market. Different varieties of vegetable waste spinach, potato 

peels, pea pods, and cauliflower leaves, seeds like low-quality groundnut and soybean, and algae such as Chlorella. Then these 

vegetable wastes were packed in sterile polyethene bag and were carried to laboratory for further analysis. 

Size reduction and Homogenization- Reducing the of algae particles is a crucial step in the process. Vegetables cut into small 

pieces, increasing surface area for microbial activity and Homogenization (Blend) to form slurry. 

Pasteurization – This process involves heating the slurry to a specific temperature range to eliminate unwanted microorganism that 

may compete with or inhibit the growth of the desired algal strain. Pasteurize the slurry to eliminate waste content. The 

pasteurization process is conducted at a Temperature- 60-70℃ The vegetable waste slurry is maintained at this temperature for 30 

min. 

Algal Strain Selection - Selection of Algal Strain: It is important to choose an algal species that can effectively grow in the given 

conditions while more lipid accumulation, which is essential for biodiesel production. 

Inoculation Process: The selected algal strain (e.g., Chlorella) is introduced into the prepared vegetable waste medium. This 

enables the algae to utilize present in the waste for their growth and biomass generation. 

Optimal Temperature: The inoculated culture is maintained at 37°C, which is a suitable temperature for the growth of algal 

species. 

Incubation Period: The algal culture is allowed to grow for 7 days. During this time, the algae multiply and accumulate lipids, 

which can later be extracted and converted into biodiesel [31] 

Biomass Harvesting and Processing – 

Biomass Harvesting – The algal biomass is collected using filtration. 

Drying the biomass- The filtered biomass is dried in an oven at 50-60℃ for 24-48 hours 8-10 days for complete moisture 

removal. 

 

Grinding the biomass - The dried biomass is then grind into a fine powder using a mortar and pestle.[32] 

Lipid Extraction - 

Solvent Extraction – Lipids are extracted from algal powder using a solvent mixture, typically methanol and chloroform in a 1:2 

Ratio. 

Soxhlet Extraction method – Dry the biomass & make its fine Powder using mixer. Keep cotton at the mouth of siphon at the 

bottom of extractor. Weigh 20g of powder & place at the bottom of extractor on the cotton. Measure the volume of selected solvent 

according to the sized of round bottom Flask & add in it. Assemble the Soxhlet extractor as shown in the diagram. Set the heating 

mantle to the boiling point of the selected solvent and initiate water flow through the condenser. Collect the extract & evaporate the 

solvent (using rotary evaporator / by keeping in Hot air oven) [ 33- 35] 
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Reaction– 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Membrane filtration assembly 

Biodiesel production – 

Transesterification Process - Extracted lipids are converted into biodiesel through transesterification reaction. The reaction 

involves mixing lipid (triglycerides) with alcohol (ethanol) in the presence of a catalyst like NaOH or KOH. This process breaks 

down triglycerides into biodiesel and glycerol. [36] 

 

 

 

Biodiesel purification Quality control- 

Purify the biodiesel using the membrane filtration technique. 

Membrane filtration procedure – Method- 

Disinfect the working area with the help of 70 % alcohol. Transfer all the requirements to the working area. Connect the assembly 

of membrane filtration apparatus and place a membrane filter in it (0.45 micrometre). Filter the sample through the membrane 

filter. 

 

 

 

 

Test the biodiesel for quality parameters. [38-51] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Biodiesel 
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pH test – 

Method – Dip the pH strip into the liquid sample for a few seconds, then match the color change to the corresponding value on 

the pH scale to identify the sample pH level. 

Acid value test and free fatty acid - 

Method – Measure approximately 1ml of the biodiesel into a 250ml conical flask. pour 20ml of the 95% alcohol into the flask. 

Titrate this mixture with a 0.05M sodium hydroxide solution shaking continuously until a pink colour appeared and remain stable 

for 30 seconds. [ 52] 

% free fatty acid (FFA) = MI NaOH x M of NaOH x 28.2mg 

 

Biodiesel sample FFA x 1.99 = 

Acid value. 

=  0.5 x 0.05 x 28.2mg 

 

1ml 

= 0.705mg 

 

1ml 

= 0.705mg/ml 

0.705mg/ml x 1.99 = Acid value 

 

 

 

 

 

Density- 

Purpose- To determine the density / specific gravity of the sample. [53] Weight of Dry 

bottle (W1) = 20.64g 

Weight of Bottle + Water (W2) = 40.51.g 

Weight of Bottle + Extracted Sample (W3) = 38.83g Weight of Water 

= W2-WI 

=40.51g- 20.64g 

=19.87g 

 

Weight of Sample = W3 - W1 

= 38.83- 20.64g 

=18.19g 

Specific Gravity =Weight of sample / Weight of Water 

= 18.95g ÷20.65g 

= 0.915g/cm3 

Hence, Specific Gravity was found to be 0.915g/cm3. 

Saponification test – 

Place about 1ml of the oil samples into a test tube. Add 2-3 mL of a 1% alcoholic potassium hydroxide (KOH) solution prepared in 

alcohol. The mixture in a water bath for 5-10 minutes, occasionally shaking the test tube to ensure proper mixing.[54] 

FTIR (Fourier Transform Infrared Spectroscopy) A sample is exposed to infrared light. The sample absorbs specific 

frequencies of infrared light. The absorbance is measured. The infrared (IR) spectrum obtained from the sample is analysed to 

identify the functional groups present, as each group exhibits characteristic absorption bands in specific regions of the spectrum. 

[55-57] 

 

 

Acid value = 1.40 mg/gm. 
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Graph No.1 – IR Spectroscopy 

 

Result and discussion – 

 

Parameters Chlorella sp. Standard 

Colour Greenish Greenish 

Odour Alcoholic or neutral More neutral, or earthy smell 

pH 7 to 8 6.8 to 7.2 

Quantity 40ml - 

Density 0.866gm/cm3 0.915gm/cm3 

 

Acid value test – 

Result- In the acid value test, the biodiesel sample exhibited an acid value of 1.40 mg KOH per gram, indicating the amount of 

free fatty acids present in the sample. As compared to standard it is low. A low acid value compared to the standard indicates that 

the biodiesel has better purity, higher stability, and lower free fatty acid (FFA) content. This means it is less prone to oxidation, 

has reduced corrosion risk, and ensures smoother engine performance. However, if the value is extremely low, it may suggest 

excessive refining, which could impact lubrication properties.[58] 
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Saponification test – 

Result: The solution turns clear after heating, and a soapy texture or foam forms upon adding water, confirming the presence of 

saponifiable lipids. The positive test indicates the hydrolysis of fats or oils into glycerol and soap (potassium salts of fatty acids) 

in the presence of KOH. The reaction demonstrates the principle of soap formation and is useful in identifying fats, quality 

control, and industrial applications like biodiesel production. 

FTIR spectroscopy analysis – 

 

Wave number (cm⁻¹) Functional group Types of vibration Significance 

in 

biodiesel 

3369.64 O-H 

(hydroxyl) 

Stretching (broad) Presence of alcohol 

(residual methanol) 

water contamination. 

2974.23, 

2924.09, 

2856.58 

C-H 

(alkanes) 

Asymmetric and 

symmetric 

stretching 

Indicates presence of long- 

chain hydro carbons (fatty 

acid esters) 

1730.15 C=O 

(carbonyl of ester) 

Strong stretching Characteristic peak of 

biodiesel (methyl esters) 

1645.28 C=C 

(alkene) 

Stretching Indicates presence of 

unsaturation in biodiesel 

1562.34 N-H 

(amide) 

Bending Possibly from protein 
residues (if sample 

contains 

impurities) 

1452.40, 

1402.25 

CH2, CH3 

(alkanes) 

Bending (scissoring) Common in 

fatty acid esters 

(FAMEs) 

1087.85, 

1045.42 

C-O 

(ester, alcohols) 

Stretching Confirms 

ester presence, crucial for 

biodiesel 

879.54, 

756.10, 

688.59 

=C-H 

(alkene, aromatics) 

Out-of-plane bending Indicates some 

unsaturation (double 

bonds in FAMEs) 

597.93, 

553.57 

C-X (halogens) Stretching Possible impurities or 

minor components 

395.41 Possibly 

skeletal 

vibrations 

Various Might indicate inorganic 

or minor organic 

compounds 

 

Result: 

The FTIR spectrum confirms the presence of biodiesel (Fatty Acid Methyl Esters - FAMEs) through characteristic peaks of ester 

functional groups. Key observations include: 

The FTIR spectrum of the biodiesel sample exhibits a strong absorption band at 1730.15 cm⁻¹, corresponding to the carbonyl 

(C=O) stretching vibration. This band is characteristic of ester functional groups, confirming their presence as the primary 

constituents of biodiesel. Additionally, absorption peaks at 1087.85 cm⁻¹ and 1045.42 cm⁻¹ are observed, which are indicative of 

C–O stretching vibrations. These peaks further substantiate the formation of esters in the biodiesel sample. 

C-H stretching at 2974.23, 2924.09, and 2856.58 cm⁻¹ confirms the presence of long hydrocarbon chains from fatty acid methyl 

esters. 
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Presence of a peak at 1645.28 cm⁻¹ (C=C stretching) indicates some degree of unsaturation in the biodiesel sample. A 

broad peak at 3369.64 cm⁻¹ suggests residual methanol or water contamination, which may affect biodiesel quality. 

1. Confirmation of Biodiesel Formation 

The presence of ester functional groups (C=O and C-O stretching) is the primary indicator that biodiesel has been successfully 

synthesized from the transesterification process. This confirms that the vegetable oil or waste oil has been converted into FAMEs, 

making it suitable for use as a fuel. 

2. Degree of Saturation and Its Effects 

The C=C stretching peak (1645.28 cm⁻¹) suggests that some unsaturated fatty acid methyl esters (e.g., oleic acid, linoleic acid) are 

present. Unsaturation affects: 

Oxidation stability – More unsaturation means the biodiesel is prone to oxidation, which can lead to polymerization and fuel 

degradation over time. 

Cold flow properties – Unsaturated FAMEs have lower melting points, improving biodiesel performance in cold conditions. 

3. Possible Impurities 

The O-H peak at 3369.64 cm⁻¹ indicates possible residual methanol or water, which can impact fuel quality by causing phase 

separation and reducing combustion efficiency. 

Minor peaks in the 500–600 cm⁻¹ range (C-X stretching) suggest the possible presence of trace contaminants from catalysts or 

reactants used in biodiesel production. 

 

  

 

Conclusion – 

Algae can utilize nutrients from waste vegetables to produce biodiesel, offering a sustainable alternative to fossil fuels. The key 

processes include algae cultivation, lipid extraction, and harvesting, with a focus on waste vegetables as a nutrient source. While 

technically feasible, it is not yet cost-effective. Combining biodiesel production with other algae-based products in a hybrid 

system could improve profitability, but further research is needed to evaluate the longterm stability and efficiency of these 

systems. 
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Fig 3. Acid value test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Saponification test 
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