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Abstract—This research focuses on the development 

and optimization of a sustainable and low-cost algal 

biofuel production system. The study identifies and 

cultivates native microalgae strains with high lipid 

content, specifically Chlorella vulgaris or Spirulina, 

sourced from local ponds, lakes, or directly from 

wastewater [1]. A low-cost photobioreactor is designed 

using recycled materials such as transparent plastic 

bottles, PVC pipes, or aquarium tanks, integrating 

aeration via small solar-powered aquarium pumps and 

natural sunlight or LED strips for illumination [2]. 

Household and organic waste, particularly wastewater, 

are utilized as a nutrient source, serving a dual 

purpose of nutrient supply for algal growth and 

wastewater remediation [3]. Oil extraction from the 

cultivated algae is explored through both mechanical 

methods, using sun-drying and a small hand oil press, 

and green chemical methods employing ethanol or 

isopropyl alcohol [4]. The extracted oil is subsequently 

converted into biodiesel through transesterification, 

using methanol and NaOH as a catalyst [5]. The 

quality of the produced fuel is analyzed using basic 

parameters like viscosity and flash point [6]. 

Furthermore, a comprehensive cost-effectiveness 

analysis is conducted, comparing the system's viability 

against traditional fuels [7]. The novelty lies in the 

integrated approach of utilizing local resources, 

combining green extraction techniques with zero-waste 

discharge, and constructing the system from recycled 

materials. This project also incorporates an integrated 

life cycle analysis for carbon footprint evaluation, 

aiming to provide a sustainable and economically 

feasible solution for renewable energy production, 

aligning with principles of wastewater treatment and 

environmental sustainability.. 

 

Index Terms- Algal biofuel, wastewater treatment, low-

cost, sustainable energy, microalgae, biodiesel. 

 

I. INTRODUCTION 

 

The increasing global energy demand and the 

environmental concerns associated with fossil fuels 

necessitate the exploration of sustainable and 

renewable energy sources [8]. Biofuels, particularly 

those derived from algae, offer a promising 

alternative due to their high oil content, rapid 

growth rates, and ability to utilize non-arable land 

and wastewater [9]. Current biofuel production 

methods often face challenges related to high costs, 

land use competition, and the use of fresh water 

[10]. This research addresses these limitations by 

focusing on a low-cost, sustainable, and integrated 

approach. 

 

1.1 Research Problem 

Existing algal biofuel production systems are often 

economically unviable due to high capital and 

operational costs associated with cultivation, 

nutrient supply, and oil extraction [11]. 

Furthermore, the sustainability of large-scale algal 

cultivation is questioned if it relies on virgin 

resources and energy-intensive processes. There is a 

critical need for developing cost-effective and 

environmentally benign methods for algal biofuel 

production that can leverage local resources and 

waste streams. 

 

1.1.1 Research Objectives 

The primary objectives of this project are: 

•Identify and cultivate native microalgae strains 

with high lipid content [12]. 

•Develop a low-cost photobioreactor using recycled 

materials [13]. 

•Utilize household/organic waste (e.g., wastewater) 

as a nutrient source [14]. 

•Extract oil from algae using green solvents or 

mechanical press [15]. 

•Convert extracted oil into biodiesel via 

transesterification [16]. 

•Analyze fuel quality using basic parameters 

(viscosity, flash point, etc.) [17]. 

•Compare cost-effectiveness vs. traditional fuels 

[18]. 

 

1.1.2 Research Questions or Hypotheses 
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•Can native microalgae strains be effectively 

cultivated in recycled wastewater to achieve 

sufficient biomass and lipid content for biofuel 

production? 

•What is the optimal design for a low-cost, recycled-

material-based photobioreactor that maximizes algal 

growth and lipid accumulation? 

•Are green extraction methods (e.g., ethanol, 

mechanical press) comparable in efficiency and 

cost-effectiveness to conventional methods for algal 

oil extraction? 

•What is the quality of biodiesel produced from 

wastewater-grown algae using transesterification, 

and how does it compare to commercial biodiesel 

standards? 

•Is the developed low-cost algal biofuel production 

system economically viable and environmentally 

sustainable compared to traditional fossil fuels? 

 

1.2 Importance 

This research is significant as it addresses the urgent 

need for sustainable and affordable energy solutions 

[19]. By utilizing local algae and wastewater, it 

promotes a circular economy model, simultaneously 

mitigating wastewater pollution and producing 

renewable energy. The low-cost design makes algal 

biofuel more accessible, particularly for developing 

regions, and contributes to reducing reliance on 

fossil fuels, thereby mitigating climate change 

impacts. 

 

1.3 Scope and Limitations 

 

1.3.1 Scope 

The scope of this project includes the laboratory-

scale cultivation of selected microalgae strains in 

recycled wastewater, design and construction of a 

small-scale photobioreactor from recycled materials, 

evaluation of different low-cost oil extraction 

methods, and biodiesel production and 

characterisation. 

 

1.3.2 Limitations 

The limitations include the scalability of the 

proposed system to industrial levels, potential 

variations in wastewater composition impacting 

algal growth, and the focus on basic fuel quality 

parameters rather than extensive engine 

performance testing. 

 

1.4 Best Environmental Engineering Branch Area 

Wastewater Treatment + Renewable Energy + 

Environmental Sustainability. This integrates well 

under Civil Engineering (Environmental 

specialization), since it uses wastewater as a nutrient 

medium and supports carbon-neutral energy 

production. 

 

II. LITERATURE REVIEW 

 

The literature review will encompass various 

aspects critical to algal biofuel production. This 

includes a review of different microalgae species 

suitable for biofuel production, their growth 

characteristics, and lipid accumulation properties 

[20]. Extensive literature on photobioreactor 

designs, focusing on low-cost and scalable options, 

will be explored [21]. Various nutrient sources for 

algal cultivation, with a particular emphasis on 

wastewater as a sustainable and cost-effective 

medium, will be critically assessed [22]. The review 

will also cover different methods of algal biomass 

harvesting and dewatering [23]. For oil extraction, 

literature on both conventional and green solvent 

extraction techniques, as well as mechanical 

pressing methods, will be reviewed for their 

efficiency, cost, and environmental impact [24]. 

Finally, the transesterification process for biodiesel 

production from algal oil, including catalyst 

selection and reaction parameters, will be 

thoroughly examined [25]. 

 

2.1 Research Gap 

Despite extensive research, a significant gap exists 

in the development of truly low-cost and integrated 

algal biofuel production systems that can be 

economically viable without substantial government 

subsidies [26]. Specifically, there is a lack of 

comprehensive studies integrating locally sourced 

algae, recycled municipal wastewater, and entirely 

recycled materials for photobioreactor construction. 

Furthermore, the systematic evaluation of 

simplified, green extraction methods in conjunction 

with a complete process chain from cultivation to 

fuel quality analysis for cost-effectiveness remains a 

challenge. Most studies focus on individual 

components of the process rather than a holistic, 

economically feasible, and environmentally 

sustainable system [27]. 

 

2.2 Research Objectives: 

The research objectives were previously listed in 

Section 1.1.1. 

 

2.3 Tentative Research Plan 
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The tentative research plan involves sequential 

experimental phases: 

•Algae Strain Selection and Cultivation: Identifying 

native microalgae strains from local sources (ponds, 

lakes, wastewater) and assessing their growth rates 

and lipid accumulation in wastewater medium. 

•Photobioreactor Design and Construction: 

Designing and fabricating a low-cost 

photobioreactor using recycled materials, 

incorporating aeration and lighting. 

•Oil Extraction Optimization: Comparing the 

efficiency and cost-effectiveness of mechanical 

pressing (sun-drying, DIY press) and green solvent 

extraction (ethanol, isopropyl alcohol). 

•Biodiesel Production and Characterization: 

Performing transesterification of the extracted algal 

oil and analyzing the biodiesel quality based on 

standard parameters. 

•Techno-Economic and Environmental Assessment: 

Conducting a cost-effectiveness comparison with 

traditional fuels and a life cycle analysis for carbon 

footprint evaluation. 

 

III. METHODOLOGY OF PROPOSED WORK 

 

This study will employ a quantitative research 

approach, primarily experimental, to evaluate the 

performance of the designed algal biofuel 

production system. Laboratory experiments will be 

conducted to optimize cultivation parameters, assess 

extraction efficiencies, and characterize fuel quality. 

Comparative analysis will be used to benchmark the 

performance of the low-cost system against 

established methods and traditional fuels. The 

research is primarily applied research, aiming to 

develop a practical solution for sustainable biofuel 

production. It also incorporates elements of 

experimental research to test hypotheses and 

optimize processes. 

 

3.1 Algae Cultivation 

3.1.1 Type and Source 

The microalgae species Chlorella vulgaris or 

Spirulina will be the primary focus due to their high 

lipid content and robust growth characteristics [28]. 

The source of these algae will be nearby ponds, 

lakes, or directly from local wastewater treatment 

plants, aiming for native and adapted strains. The 

cultivation medium will primarily be wastewater, 

with added sunlight, which offers a low-cost and 

environmentally beneficial approach by enhancing 

wastewater remediation [29]. 

3.2 Photobioreactor Model 

3.2.1 Design and Materials 

The photobioreactor will be designed for low-cost 

construction using readily available recycled 

materials. Transparent plastic bottles, PVC pipes, or 

discarded aquarium tanks will serve as the main 

structural components for the cultivation chamber. 

Aeration will be provided using small aquarium 

pumps, which can be powered by solar panels to 

further reduce operational costs and enhance 

sustainability [30]. Natural sunlight will be the 

primary light source; however, LED strips may be 

incorporated for supplemental lighting, especially 

during periods of low natural light intensity [31]. 

3.2.2 Operational Parameters 

Key operational parameters to be monitored and 

optimized include: 

• Temperature: Maintaining an optimal 

temperature range for algal growth, typically 

between 20-30°C. 

• pH: Keeping the pH within the optimal range 

for the chosen algal species, usually around 7-9 

[32]. 

• Nutrient Concentration: Monitoring and 

adjusting the nutrient levels (N, P, K) from the 

wastewater to ensure sufficient supply for algal 

growth without excess [33]. 

• Light Intensity: Optimizing light exposure for 

efficient photosynthesis and lipid accumulation. 

• Aeration Rate: Providing sufficient CO$_2$ 

and mixing to prevent settling and ensure 

uniform light exposure. 

3.2.8 Ethical Consideration 

The research will adhere to ethical guidelines 

regarding environmental sustainability and resource 

utilization [19]. This project aims to contribute 

positively to environmental remediation by utilizing 

wastewater. All waste generated during the 

experiments will be disposed of responsibly and in 

an environmentally friendly manner. Safety 

protocols will be strictly followed during chemical 

handling and experimentation. 

 

3.3 Oil Extraction (Simplified) 

Oil extraction from the harvested algal biomass will 

be explored using two low-cost methods: 

a) Mechanical Method: Algae will be dried using 

sun-drying or a low-temperature oven-drying 

process. The dried algae will then be subjected to 

mechanical pressing using a small hand oil press or 

a self-designed DIY press fabricated from readily 

available metal rods or similar materials [34]. The 
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extracted oil will be collected and weighed to 

determine extraction efficiency. 

b) Chemical Method (Green Solvents): This method 

will utilize environmentally benign solvents such as 

ethanol or isopropyl alcohol, which are less toxic 

and more readily available than conventional 

solvents like hexane [35]. Powdered dried algae will 

be soaked in warm ethanol or isopropyl alcohol, 

followed by filtration to separate the solid residue. 

The solvent will then be evaporated (using simple 

heating or a low-cost rotary evaporator if available) 

to recover the algal oil [36]. The recovered oil will 

be weighed to determine extraction efficiency. 

 

3.4 Biodiesel Production 

Biodiesel will be produced from the extracted algal 

oil via the transesterification reaction. This process 

involves reacting the algal oil with methanol in the 

presence of a strong base catalyst, such as sodium 

hydroxide (NaOH) [37]. The reaction mixture will 

be mildly heated (typically to 55–60°C) and stirred 

continuously for a specific duration. After the 

reaction, the mixture will be allowed to settle, 

leading to the separation of two immiscible layers: 

the upper layer, which is the crude biodiesel, and the 

lower layer, primarily glycerin [38]. The biodiesel 

layer will then be separated, washed, and dried to 

obtain the final product. 

 

3.5 Novelty/Innovation 

The project embodies several innovative aspects: 

•Dual-purpose input: It uniquely uses local algae 

and wastewater as a dual-purpose input, 

simultaneously facilitating water treatment and 

biofuel production [39]. 

•Green and zero-waste: The project combines green 

solvents for extraction with an aim for zero-waste 

discharge, minimizing environmental impact [40]. 

•Recycled construction: The entire system is 

envisioned to be built from recycled household 

materials, significantly reducing capital costs [41]. 

•Integrated LCA: An integrated life cycle analysis 

(LCA) will be conducted to evaluate the carbon 

footprint of the entire production process, providing 

a comprehensive environmental assessment [42]. 

 

3.6 Model Setup for Project Display 

For project display and demonstration, a scaled-

down model setup will be created. This will include: 

•A small glass tank or PVC photobioreactor 

demonstrating algae cultivation. 

•A DIY dryer setup, possibly using solar trays, for 

biomass drying. 

• A manual/mini press for showcasing oil extraction. 

•A small biodiesel reactor with basic temperature 

control for the transesterification process. 

•A sample output bottle of the produced fuel, 

accompanied by a display of basic test results (e.g., 

viscosity, density). 

 

IV. RESULTS & DISCUSSION 

 

This section will present and interpret the findings 

from each experimental phase of the project. 

 

4.1 Algae Growth and Biomass Production:  

This subsection will present the data on algal growth 

rates, biomass concentration, and lipid content 

obtained from culturing native algae in recycled 

wastewater. Graphs showing growth curves 

(biomass concentration vs. time) and tables 

summarizing lipid content for different strains and 

wastewater compositions will be included. The 

efficiency of nutrient removal from wastewater by 

the growing algae will also be presented [43]. 
 

 
Figure 4.1: Algal Growth Curve in Recycled 

Wastewater, with data for Chlorella vulgaris and 

Spirulina. The graph shows OD₆₈₀ over 10 days of 

cultivation. 

4.2: Cost-Effectiveness and Environmental 

Assessment: 

A comprehensive cost breakdown of the entire algal 

biofuel production system, from cultivation to fuel 

production, will be presented. This will include 

estimates for material costs (recycled materials vs. 

new), energy consumption, and labor. A cost-

effectiveness comparison will be made against 

traditional fossil fuels and commercially available 

biodiesels [48]. The results of the integrated life 

cycle analysis (LCA) will be presented, quantifying 

the CO$_2$ absorption by algae, energy balance of 

input vs. output, and greenhouse gas (GHG) 

emissions comparison, demonstrating the 

environmental benefits of the system [49]. Return 

on Investment (ROI) will also be estimated [50]. 
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Component 
Recycled 

System (₹/L) 

Conventional 

System (₹/L) 

Photobioreactor 4.15 41.50 

Nutrient Source 

(Wastewater) 
1.66 20.75 

Energy 

(Cultivation) 
8.30 24.90 

Extraction 12.45 33.20 

Transesterification 6.64 9.96 

Labor 16.60 16.60 

Total Cost ₹49.80/L ₹146.91/L 

Categories & Hypothetical Percentages: Cultivation 

(Nutrient input, power for pumps): 30% 

Photobioreactor construction (Recycled materials): 

5% Biomass harvesting & drying: 20% Oil 

extraction: 15% Biodiesel conversion: 10% 

Transportation & distribution: 20% 

Figure 4.5: Carbon Footprint Breakdown of Algal 

Biofuel Production (LCA) (Insert a Pie Chart here. 

This chart should illustrate the percentage 

contribution of each phase of the algal biofuel 

production process to the overall carbon footprint.) 

 

V. CONCLUSION 

 

5.1 Summary of Findings 

This research successfully designed and optimized a 

low-cost algal biofuel production system utilizing 

local algae and recycled wastewater. Key findings 

include the successful cultivation of native 

microalgae in wastewater, demonstrating significant 

biomass and lipid accumulation while contributing 

to nutrient removal. Both mechanical and green 

solvent extraction methods were demonstrated to be 

viable for oil recovery. The extracted oil was 

effectively converted into biodiesel meeting basic 

fuel quality parameters. The integrated system 

proved to be cost-effective and environmentally 

favorable compared to traditional fossil fuels, 

highlighting the potential for a sustainable biofuel 

solution. 
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