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Abstract: 
This project aims to design a butterfly-inspired water filtration system membrane using bio-mimicry 

principles by the complex and effective traits of butterflies. Also, by studying the structure and 

characteristics of butterfly wings, we seek to replicate their filtration-related features in order address 

water pollution and provide access to safe drinking water, this initiative acknowledges the urgent need for 

sustainable and efficient water treatment systems. The project involves extensive research on butterfly 

wing structure and filtration mechanisms, identification of specific filtration requirements, and translation 

of relevant wing features into a filtration system design. An extensive process is used in the project, which 

comprises problem identification, research, design, execution, and performance evaluation. The system's 

design includes energy-saving features, a self-cleaning mechanism, pore size control, antibacterial 

integration, and numerous filtration stages. These features are designed to improve the system's endurance, 

minimize energy usage, and maximize the effectiveness of contaminant removal. 
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I. INTRODUCTION 

1.1 BACKGROUND AND CONTEXT  

Access to clean and safe water is a fundamental 

human right and a critical 10 requirement for 

sustaining life and supporting socioeconomic 

development.However, as the global population 

continues to grow, and environmental challenges 

such as climate change affect water resources, the 

availability ofclean and potable water is becoming 

an increasingly scarce and preciouscommodity. The 

demand for innovative water treatment technologies 

has never been more pressing, and it is in this 

context that the concept of bio-inspired 

hydrophobic membranes emerges. 

 

1.2 THE URGENCY OF WATER SCARCITY 

Water scarcity is a global crisis that transcends 

geographical boundaries. According to the United 

Nations, by 2025, two-thirds of the world's 

population may face water stress due to increased 

water demand driven by population growth and 

industrialization. The situation is compounded by 

the contamination of existing water sources with 

pollutants, ranging from microorganisms to 

complex chemical compounds. This dire scenario 

calls for pioneering solutions that not only address 
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the shortage of water but also ensure its quality and 

safety.  

1.3BIOMIMICRY AND NATURE-INSPIRED 

SOLUTIONS 
Biomimicry, a discipline that draws inspiration 

from nature's elegant and efficient designs, has 

gained prominence as a source of innovative 

solutions to complex problems. Nature, with its 

billions of years of evolution, has perfected 

numerous strategies that can be applied to 

modern challenges. Among these, the 

hydrophobic micro-structures found on butterfly 

wings have emerged as a source of inspiration for 

creating water-repelling membranes. 

1.4 PURPOSE AND OBJECTIVES  

The primary aim of this research project is to design 

and develop bioinspired hydrophobic membranes 

for water filtration systems. These membranes are 

inspired by the hydrophobic micro-structures on 

butterfly wings, which exhibit remarkable water-

repelling properties. The project's objectives 

encompass multiple aspects, including membrane 

design using Polyethersulfone (PES) material, 

assessment of hydrophobic coatings, evaluation of 

filtration efficiency, performance comparison with 

existing technologies, and exploring the potentialfor 

environmentally sustainable water treatment 

solutions.  

1.5 SCOPE   

This project provides a comprehensive account of 

the research, starting from the conceptualization 

of the project to the practical implementation of 

bioinspired hydrophobic membranes. It delves 

into the methodology employed, the materials 

and equipment used, and the results of 

experiments conducted. Subsequent sections will 

analyse the results, draw conclusions, and 

provide recommendations for further research 

and application of these membranes in water 

treatment systems.  

II. BIOMIMICRY  

Bio-mimicry, also known as biomimetics 

or bio-inspired design, is an approach that seeks 

inspiration from nature's time-tested patterns, 

strategies, and systems to solve human challenges 

and create innovative solutions. It involves 

studying and emulating the designs, processes, 

and behaviours found in living organisms and 

ecosystems to address technological, engineering, 

and design problems. The concept of bio-mimicry 

is rooted in the understanding that nature has 

undergone billions of years of evolution, resulting 

in efficient and sustainable solutions to various 

complex problems. By observing and 

understanding these natural systems, researchers, 

engineers, and designers can derive valuable 

insights and apply them to develop more 

sustainable, efficient, and adaptable technologies 

and designs.  

1) 2.1 PRINCIPLES AND CONCEPTS 

Identify the key principles, strategies, and 

mechanisms employed by nature to solve the 

problem at hand. These principles could be related 

to structural design, material composition, energy 

efficiency, self-regulation, adaptability, or other 

aspects.  

2) 2.2 APPLY TO DESIGN 

Translate the extracted principles and concepts 

into the design of new products, systems, or 

processes. This may involve incorporating 

specific features, mimicking structural 

arrangements, or emulating functional 

mechanisms observed in nature.  

2.3 EVALUATE AND IMPLEMENT 

Assess the performance, feasibility, and 

scalability of the bio-mimetic design. Consider 

factors such as cost-effectiveness, environmental 

impact, user acceptance, and compatibility with 

existing technologies. Implement the biomimetic 

solution in real-world applications. Bio-mimicry 

has been successfully applied in various fields, 

including engineering, architecture, materials 

science, medicine, energy, transportation, and 

more. Examples of bio-mimetic designs include 

Velcro (inspired by the burrs of burdock plants), 

self-cleaning surfaces (modelled after lotus 
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leaves), and efficient wind turbine blades 

(inspired by the shape of humpback whale fins).  

 By applying the principles of bio-mimicry, 

innovative and sustainable solutions can be 

developed, harnessing the incredible wisdom of 

nature to create more resilient, efficient, and 

environmentally friendly technologies.  

III BIO-MIMICRY RESEARCH AND 

ANALYSIS  

Extensive research was conducted to understand 

the unique features of butterflies related to self-

cleaning, micro-structures, energy efficiency, and 

antibacterial properties. The biological analysis 

provided insights into the mechanisms and 

structures that inspired the design of the filtration 

system  

3.1 DESIGN AND OPTIMATION  

Based on the bio-mimicry research, the filtration 

system's design was optimized to incorporate 

self-cleaning properties, multi-stage filtration, 

and precise pore size control. Computer-aided 

design (CAD) software and simulation tools were 

utilized to refine the system's geometry, flow 

paths, and filtration stages.  

3.2 MATERIAL DEVELOPMENT  

Specialized materials and coatings were 

developed to replicate the hydrophobic and self-

cleaning properties of butterfly wings. Advanced 

surface coatings were applied to the filtration 

system's surfaces to enhance water repellent and 

prevent contaminant adhesion.  

 

3.2.1 FOR PES MATERIAL (POLYETHER 

SULPHONE) ➢Membrane Shape  

 Let's consider a circular membrane design with 

47mm diameter.   

3) ➢Pore Size  

� Depending on the specific filtration 

requirements.   

� A nominal pore size of 0.1 micrometers.  

4) ➢Surface Area  

� Calculate the surface area of the membrane 

using the formula for the surface area of a 

circle: A = πr2.  

� The surface area would be approximately 

1,734.065 mm
2
.  

3.3 MEMBRANE FILTER DEVELOPMENT  

Membrane filter of the filtration system, are 

fabricated using the optimized design and 

developed materials. The prototypes 

encompassed for specific dimensions and 

properties.  

IV DESIGN OPTIMIZATION  

4.1 BUTTERFLY WING 

MICROSTRUCTURES 

The project involved studying the micro-

structures found on butterfly wings to understand 

their self-cleaning properties and hydrophobic 

characteristics. By analyzing these structures, 

valuable insights were gained for developing 

advanced materials and surface coatings that 

replicate these characteristics.  

Figure 6.1 Scanning electron micro graph 

of blue colour scales of Pareronia ceylanicaand 

Papilio polymenestor butterflies. 

 

 
Fig.1pareronia ceylanica 
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Fig. 2Comparison of structures 

V MEMBRANE FILTRATION  

5.1 TARGETED CONTAMINANT REMOVAL  

The project team identified the specific 

contaminants of concern and developed filtration 

media and technologies to effectively remove 

them. This involved selecting appropriate 

adsorbents, membranes, or other filtration media 

capable of capturing and adsorbing the target 

contaminants. The goal was to achieve high 

removal efficiencies while maintaining optimal 

flow rates and minimal pressure drops.  

5) 5.1.2 FILTRATION MEDIA AND 

TECHNOLOGIES  

The project focused on developing innovative 

filtration media and technologies for each stage 

of the filtration process. This included optimizing 

the surface area, pore structure, and adsorption 

properties of the filtration media. Various 

materials and configurations were explored to 

achieve maximum efficiency in capturing and 

removing contaminants from water.  

5.2 SOFTWARE  

6) 5.2.1 SOLIDWORKS INTEGRATION  

Solid-works, a popular computer-aided design 

(CAD) software, was utilized in the Butterfly 

micro-structure project for the design and 

engineering of the bio-mimetic water filtration 

system. Solid-works provided powerful tools and 

functionalities to create detailed 3D models, 

perform simulations, and generate engineering 

drawings. The integration of Solid-works played a 

crucial role in the development and optimization of 

the Butterfly-water system.  

 

7) 5.2.2 3D MODELING  

The Solid-works software was used to create 

accurate 3D models of the various components and 

assemblies of the Butterfly-water system. These 

models included the filtration chambers, housing, 

connectors, valves, and other system elements. The 

3D modelling process enabled a comprehensive 

visualization of the system's physical structure and 

aided in assessing the fit and functionality of the 

different components.  

5.2.3 SIMULATION AND ANALYSIS  

Solid-works facilitated simulation and analysis of 

the Butterfly-water system to evaluate its 

performance under different operating conditions. 

Finite element analysis (FEA) was conducted to 

assess the structural integrity of critical components 

and ensure they could withstand the required 

pressures and forces. Fluid flow simulations were 

performed to optimize the system's hydraulic 

performance and identify potential flow restrictions 

or turbulence.  

5.2.4 ENGINEERING DRAWINGS  

Solid-works allowed the generation of accurate 

engineering drawings for the manufacturing and 

assembly of the Butterfly-water system. These 

drawings included detailed dimensions, tolerances, 

annotations, and specifications necessary for 

fabrication. The integration of Solid-works with 

computer-aided manufacturing (CAM) software 

facilitated a seamless transition from design to 

production.  

5.2.5 COLLABORATION AND ITERATIVE 

DESIGN  

Solid-works provided collaboration features that 

allowed team members to work concurrently on the 

project. Design changes and improvements could be 

easily implemented, and the impact on the overall 

system could be visualized in real-time. This 
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iterative design process enabled the optimization of 

the Butterflywater system and ensured that the final 

design met the desired performance criteria.  

 

Solid-works significantly enhanced the design and 

engineering process of the Butterfly-water bio-

mimetic water filtration system. It allowed for 

efficient creation of 3D models, simulation of 

system performance, generation of engineering 

drawings, and collaborative design iterations. The 

use of Solid-works played a vital role in realizing 

the project objectives and ensuring the successful 

development of the Butterfly-water system.  

VI RESULTS AND FINDINGS  

6.1 CONCEPTUAL DESIGN  

The project resulted in a detailed conceptual design 

for the butterflyinspired water filtration system. The 

design incorporated optimized filtration stages, 

advanced materials, coatings, and innovative 

features inspired by butterfly characteristics. The 

conceptual design provided a blueprint for the 

subsequent development and prototyping phases.  

 

 
Fig. 3Design of filter membrane 

 

 
 

Fig. 4Porous structure of filter membrane  

 

 

 

Fig. 5Fabricated model of filter membrane  
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6.2 EXPERIMENTAL SETUP  

Describe the experimental setup used for 

performance evaluation, including details on the test 

water sample, measurement instruments, and 

controlled laboratory conditions.  

6.3 WATER REPELLENCY ASSESSMENT  

Water droplets on the membrane surface bead up 

and roll off in filter membrane.  

Initial particle 

concentration  

500  

particles/mL  

 

Particle 

concentration after 

filtration  

 

20  

particles/mL  

 

Filtration efficiency 

 

96%  

 

6.4 DURABILITY TESTING 

 After 100 filtration cycles, the membrane's 

filtration efficiency remains at 95%, indicating good 

durability.  

8) 6.5 FLOW RATE OPTIMIZATION 

At an optimized pressure of 5 bar, the flow rate 

through the membrane is 10 liters per minute while 

maintaining filtration efficiency.  

9) 6.6 ENVIRONMENTAL IMPACT 

ASSESSMENT 

Energy consumption during filtration is 20% lower 

than comparable filtration systems.  

Waste generation is reduced by 30% due to the 

membrane's antifouling properties.  

6.7 PERFORMANCE EVALUATION  

Comprehensive performance evaluations were 

conducted on the filtration system prototypes. The 

tests measured the system's efficiency in removing 

various contaminants, including particulate matter, 

microorganisms, dissolved substances, and 

chemical pollutants. The performance evaluation 

results provided insights into the system's 

capabilities and identified areas for optimization.  

6.8 SELF-CLEANING ABILITY 

After filtration cycles, the membrane demonstrated 

a self-cleaning effect where contaminants or 

particles that adhered to the surface during filtration 

were observed to detach and be removed without 

the need for manual cleaning. This self-cleaning 

feature enhances the longevity and efficiency of the 

membrane.  

II. CONCLUSIONS 

The butterfly design project successfully developed 

a bio-mimetic water filtration system inspired by 

butterfly characteristics. The project achieved its 

objectives of optimizing the design, membrane 

filtration, controlling pore sizes, enhancing energy 

efficiency, integrating antibacterial properties, and 

ensuring scalability and sustainability. Cost-benefit 

analysis, it was found that while the initial cost of 

implementing the membrane is 15% higher than 

traditional systems, cost savings over a one-year 

period exceeded the initial cost difference. This 

suggests that the long-term benefits of the 

membrane justify the initial investment. The results 

demonstrate that the bio-inspired hydrophobic filter 

membrane, designed with a pore size of 0.2 microns 

and a 47 mm diameter, effectively addresses water 

filtration challenges. The combination of high 

filtration efficiency, water repellence, durability, 

anti-fouling properties, and reduced environmental 

impact positions the membrane as a promising 

solution for various water treatment and industrial 

applications. Since the filtration efficiency is 96% 

of polyether sulphone material filter membrane, it is 

more efficient than the existing filtration system. 

The self-cleaning ability of the membrane, observed 

in the antifouling tests, is a noteworthy advantage, 

as it reduces the need for manual maintenance and 

extends the membrane's operational lifespan. 

Furthermore, the ability to balance flow rate and 

filtration efficiency is crucial for real-world 

applications. The cost-benefit analysis demonstrates 

that the membrane's longterm cost savings outweigh 

the higher initial investment. This makes it a 
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financially viable choice for applications that 

prioritize efficiency and sustainability. Overall, the 

results and discussion support the conclusion that 

the bio-inspired hydrophobic filter membrane holds 

significant potential for addressing global water 

filtration challenges while offering economic and 

environmental benefits. 
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