
             INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

            VOLUME: 10 ISSUE: 04 | APRIL - 2026                                 SJIF RATING: 8.659                                           ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM59391                                   |        Page 1 

Liquid Tree  
 

 

Under the guidance of: Mr. U. S. Shirshetti 
 

Saumya R. Gawali 

Information Technology                    

Sou. Venutai Chavan  Polytechnic Pune 

Pune, India 

Saumyagawali675@gmail.com 

 

 

Pranav N. Vartale 

Information Technology        

Sou. Venutai Chavan  Polytechnic Pune 

Pune, India       

pranavvartale003@gmail.com 

 

Manish B. Wagh 

Information Technology        

Sou. Venutai Chavan  Polytechnic Pune 

Pune, India       

manishwagh041@gmail.com 

Dipak B. Funde 

Information Technology        

Sou. Venutai Chavan  Polytechnic Pune 

Pune, India       

dipakfunde67@gmail.com 

 

Urban air pollution and climate change require innovative and 

sustainable solutions to improve environmental quality and public 

health. This paper presents the design and implementation of a 

Liquid Tree (LIQUID3 Photobioreactor), inspired by natural 

photosynthesis processes performed by trees. The proposed system 

integrates a transparent photobioreactor tank, microalgae culture, 

air circulation system, and environmental monitoring sensors to 

absorb carbon dioxide (CO₂) and release oxygen efficiently. The 

architecture enables continuous air purification through 

controlled biological processes and supports real-time monitoring 

of parameters such as light intensity, temperature, and CO₂ 

concentration. Unlike traditional trees, the Liquid Tree can be 

installed in limited urban spaces while delivering comparable or 

higher air purification efficiency. The system demonstrates 

effective carbon capture, oxygen generation, and environmental 

sustainability in compact city environments. Performance analysis 

shows improved air quality, reduced carbon footprint, and 

efficient space utilization. Future scope includes IoT-based 

monitoring, AI-driven optimization, and large-scale deployment in 

smart cities. 

Keywords — Liquid Tree, Photobioreactor, Microalgae, Air 
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I. INTRODUCTION 

The rapid growth of urbanization, industrialization, and 

population has significantly increased air pollution levels, 

posing serious threats to environmental sustainability and 

public health. Traditional methods of pollution control, such 

as planting trees, are often limited by space constraints, slow 

growth rates, and maintenance challenges in densely 

populated cities. As urban environments become more 

complex and polluted, there is an increasing demand for 

innovative and technology-driven solutions capable of 

improving air quality in real time. Intelligent environmental 

systems that integrate biological processes with engineering 

design are now essential for enhancing air purification 

efficiency and supporting sustainable urban development. 

Modern cities require compact and efficient solutions that can 

replicate the ecological benefits of natural trees while 

adapting to space limitations. Inspired by the natural process 

of photosynthesis, the Liquid Tree (LIQUID3 

Photobioreactor) is developed as an advanced system to 

demonstrate artificial air purification using microalgae. The 

project integrates a transparent bioreactor structure, 

microalgae culture, air circulation mechanism, and 

environmental monitoring components into a unified 

architecture capable of performing continuous carbon 

absorption and oxygen generation. 

The system operates by continuously absorbing carbon 

dioxide (CO₂) from the surrounding air and utilizing 

microalgae to perform photosynthesis in the presence of light. 

The microalgae convert CO₂ into oxygen and biomass, 

effectively reducing air pollution levels. Sensors and control 

mechanisms help maintain optimal conditions such as light 

intensity, temperature, and nutrient levels to ensure efficient 

biological activity. This continuous interaction between 

environmental input and biological processing ensures 

consistent air purification performance, similar to the natural 

functioning of trees. 

A crucial feature of the proposed system is its ability to 

function efficiently in limited urban spaces while providing 

measurable environmental benefits. Unlike traditional trees, 

the Liquid Tree does not require large land areas and can be 

installed in high-pollution zones such as roadsides, public 

squares, and industrial regions. The system also supports 

monitoring and maintenance through controlled conditions, 

ensuring reliability and consistent performance. This 

structured and sustainable approach enhances environmental 

management and demonstrates the potential of combining 

biotechnology with urban infrastructure for cleaner and 

healthier cities. 
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II. RELATED WORK 

The development of sustainable air purification technologies 

has evolved from traditional tree plantation methods to 

advanced bioengineering solutions capable of improving air 

quality in urban environments. Early approaches primarily 

relied on increasing green cover and implementing basic 

filtration systems to reduce pollution levels. However, with 

rapid urbanization and limited land availability, these 

methods became insufficient for densely populated cities. 

Recent advancements in environmental engineering have led 

to the development of microalgae-based systems and 

photobioreactors that can efficiently absorb carbon dioxide 

(CO₂) and release oxygen. Foundational studies in 

biotechnology and environmental science established the 

principles of photosynthesis-based carbon capture, while 

later research introduced compact and controlled systems 

capable of operating in urban conditions [1, 2]. 

2.1 Growth of Microalgae-Based Air Purification Systems 

(2018–2024) 

Recent academic and industrial research from 2018 to 2024 

indicates significant growth in the development of 

microalgae-based air purification systems [3, 4]. Studies 

published in environmental and engineering journals 

highlight the increasing use of photobioreactors for carbon 

capture and oxygen generation. The adoption of microalgae 

is driven by their high photosynthetic efficiency compared to 

traditional plants. Additionally, advancements in sensor 

technology and low-cost monitoring systems have enabled 

better control of environmental parameters such as light, 

temperature, and CO₂ concentration. The data suggests that 

the transition from traditional air purification methods to 

intelligent bio-reactive systems began around 2020, 

supported by improvements in biotechnology and real-time 

monitoring techniques [3, 5]. 

2.2 Shift Toward Integrated Bio–Tech Environmental 

Systems 

Recent literature (2022–2026) emphasizes the development 

of integrated systems that combine biological processes with 

engineering and digital technologies [6]. Instead of relying 

solely on natural or mechanical methods, modern 

environmental solutions integrate microalgae cultivation, 

sensor networks, and automated control systems into unified 

architectures. These systems operate as closed-loop 

environments where real-time data is used to regulate internal 

conditions and maximize efficiency. This shift represents a 

movement from passive environmental solutions to active 

and intelligent systems capable of continuous air purification 

and environmental monitoring. Such architectures enhance 

efficiency, scalability, and adaptability in urban applications 

[6, 7]. 

2.3 Monitoring, Optimization, and Environmental Control 

Mechanisms 

Current advancements in smart environmental systems 

highlight the importance of continuous monitoring and 

optimization to ensure efficient performance [1]. In 

microalgae-based systems, maintaining optimal conditions 

such as light intensity, nutrient levels, temperature, and CO₂ 

supply is critical for effective photosynthesis. Research 

trends now incorporate IoT-based sensors, automated control 

units, and data analytics to monitor system performance and 

optimize output. Continuous validation and system feedback 

help maintain stability and improve reliability. As Liquid 

Tree technology evolves, enhancing monitoring accuracy, 

reducing maintenance requirements, and maximizing oxygen 

production remain key research challenges in sustainable 

urban environmental systems. 

III. SYSTEM ARCHITECTURE 

A modular and layered architecture is essential for ensuring 

reliability, scalability, and continuous operation in 

environmental purification systems. The proposed Liquid 

Tree (LIQUID3 Photobioreactor) follows a structured bio-

engineering architecture that integrates biological processing, 

environmental sensing, control mechanisms, and monitoring 

systems. The architecture is designed to establish a 

controlled-loop system where environmental inputs such as 

carbon dioxide (CO₂), light, and temperature continuously 

influence biological output in the form of oxygen production. 

The system ensures stable operation, efficient 

photosynthesis, and consistent air purification through 

coordinated interaction of all subsystems. 

A. Structural Layer Analysis 

The proposed architecture is partitioned into four 

interconnected functional layers: 

I. Biological Processing Layer 

This layer represents the core functional component 

responsible for air purification, including: 

• Microalgae culture for photosynthesis 

• Water medium for algae growth 

• Nutrient supply system 

• CO₂ absorption mechanism 

These components directly perform the biological process of 

converting carbon dioxide into oxygen. The microalgae 

utilize light energy to carry out photosynthesis, making this 

layer the primary contributor to environmental purification. 
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 II. Structural and Support Layer 

This layer consists of the physical framework that supports 

the system, including: 

• Transparent photobioreactor tank 

• Air pump and circulation system 

• CO₂ inlet and oxygen outlet pathways 

• LED lighting system (for controlled environments) 

The purpose of this layer is to provide a stable and 

controlled environment for microalgae growth. The 

transparent structure allows maximum light penetration, 

while the air circulation system ensures continuous supply 

of CO₂ and proper mixing within the tank. 

III. Control and Monitoring Layer 

The intelligence and regulation of the system reside in this 

layer, which includes: 

• Sensors for CO₂ concentration, temperature, light, and pH 

levels 

• Microcontroller or control unit 

• Data acquisition system 

• Automated regulation mechanisms 

This layer continuously monitors environmental conditions 

and maintains optimal parameters required for efficient 

photosynthesis. It ensures that the system operates under 

ideal conditions by adjusting factors such as light intensity, 

airflow, and nutrient supply. 

 

IV. User Interaction and Data Management Layer 

This layer manages system interaction, monitoring, and data 

visualization, including: 

• Display interface for real-time monitoring 

• IoT-based remote monitoring system (optional) 

• Data logging and analytics platform 

• Alert and maintenance notification system 

The system provides users with real-time information about 

performance parameters such as CO₂ absorption rate and 

oxygen production. It also supports future integration with 

smart city infrastructure for centralized environmental 

monitoring. 

 

B. Communication and Control Flow 

The Liquid Tree system follows a structured process flow 

architecture: 

• Air Flow: CO₂ from the environment → Absorbed into 

photobioreactor → Used by microalgae 

• Biological Flow: Microalgae perform photosynthesis → 

Oxygen released into the environment 

• Monitoring Flow: Sensors collect environmental data → 

Control unit processes data → Adjustments made 

• Power Flow: Electrical supply → Distributed to sensors, 

pumps, and lighting system 

Unlike conventional large-scale industrial purification 

systems, the Liquid Tree operates as a localized, self-

contained unit with real-time environmental interaction and 

minimal latency. 

C. Control Strategy: Controlled Biological Loop vs Passive 

Purification 

The effectiveness of the architecture depends on the control 

strategy used. The Liquid Tree system utilizes: 

Closed-Loop Control for environmental regulation 

(feedback from sensors to maintain optimal conditions). 

Passive Natural Process for photosynthesis (biological 

conversion without mechanical force). 

The closed-loop monitoring ensures continuous adjustment 

of environmental parameters, leading to efficient CO₂ 

absorption and oxygen generation. This significantly 

improves performance compared to traditional passive air 

purification methods such as natural tree plantation. 

IV. FEATURES 

• Efficient CO₂ Absorption 

The system effectively absorbs carbon dioxide from the 

surrounding air using microalgae, which have a higher 

photosynthetic efficiency compared to traditional plants. 

• Continuous Oxygen Generation 

Microalgae continuously produce oxygen through 

photosynthesis, improving air quality in real time. 

• Compact and Space-Efficient Design 

The Liquid Tree requires minimal space and can be installed 

in dense urban areas where traditional tree plantation is not 

feasible. 

• Real-Time Environmental Monitoring 

Sensors monitor parameters such as CO₂ levels, 

temperature, light intensity, and pH to ensure optimal 

system performance. 

• Automated Control Mechanism 

The system automatically adjusts environmental conditions 

like light, airflow, and nutrient supply based on sensor data. 

• Low Maintenance System 

Compared to traditional trees, the Liquid Tree requires 

controlled and predictable maintenance, making it suitable 

for urban deployment. 

• Sustainable and Eco-Friendly Solution 

The system uses natural biological processes, making it 

environmentally sustainable and energy-efficient. 

• Modular Design 

The system is designed in modules, allowing easy upgrades, 

maintenance, and scalability. 

• Urban Air Purification Capability 

It is highly effective in polluted environments such as 

roadsides, industrial zones, and public spaces. 
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• Scalability for Smart Cities 

The system can be integrated with IoT and smart city 

infrastructure for large-scale environmental monitoring and 

control. 

 

V. METHODOLOGY 

The methodology of the Liquid Tree system follows a 

structured process that converts environmental inputs into 

biological air purification outputs. The system captures 

carbon dioxide from the atmosphere and utilizes microalgae 

to perform photosynthesis, resulting in oxygen generation. 

 

 

 

5.1 Data Acquisition 

The system collects environmental data using sensors and 

air intake mechanisms. 

Key aspects include: 

• CO₂ Intake System: Captures carbon dioxide from the 

surrounding air 

• Environmental Sensors: Measure temperature, light 

intensity, CO₂ concentration, and pH levels 

• Input Data: Environmental parameters used to regulate 

system performance 

The collected data is sent to the control unit for further 

processing. 

 

5.2 Environmental Processing and Optimization 

Before biological processing, the system ensures optimal 

conditions for microalgae growth. 

Processing steps include: 

• Regulation of light intensity (natural or LED-based) 

• Temperature control for stable biological activity 

• Maintaining proper nutrient levels in water 

• Air circulation for uniform CO₂ distribution 

These steps ensure efficient photosynthesis and system 

stability. 

 

5.3 CO₂ Absorption and Photosynthesis Process 

The system uses microalgae to perform the core biological 

function. 

Process includes: 

• Absorption of CO₂ from the environment 

• Utilization of sunlight or artificial light 

• Conversion of CO₂ into oxygen and biomass through 

photosynthesis 

This continuous process enables real-time air purification. 

 

5.4 Monitoring and Validation 

To maintain efficiency, the system continuously monitors its 

performance. 

Performance evaluation includes: 

• CO₂ absorption rate 

• Oxygen production rate 

• Stability of environmental conditions 

• System efficiency over time 

These metrics help in optimizing system performance. 

 

5.5 Real-Time Control and Output 

After processing environmental data, the system adjusts its 

operation accordingly. 

Control logic includes: 

• Regulating airflow and CO₂ intake 

• Adjusting light intensity for optimal photosynthesis 

• Maintaining nutrient balance 

• Ensuring continuous oxygen release 

This ensures consistent and efficient air purification. 

 

VI. IMPLEMENTATION 

The implementation of the Liquid Tree system involves 

integrating biological components with mechanical and 

electronic systems to achieve efficient air purification. 

6.1 Hardware Components 

The hardware setup consists of the following main 

components: 

• Photobioreactor Tank: Transparent container for 

microalgae culture 

• Microalgae Culture: Performs photosynthesis 

• Air Pump System: Circulates air and supplies CO₂ 

• Sensors: Monitor environmental parameters (CO₂, 

temperature, light, pH) 

• Lighting System: Provides controlled light for 

photosynthesis 

The system continuously interacts with the environment to 

absorb CO₂ and release oxygen. 

 

6.2 Software Tools 

The system may use software for monitoring and control. 

Key tools include: 

• Microcontroller-based programming for system control 

• IoT platforms for remote monitoring (optional) 

• Data logging systems for performance tracking 

These tools enable efficient monitoring and automation. 

 

6.3 System Integration 

The hardware and software modules are integrated into a 

continuous purification loop. 
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Implementation flow: 

• CO₂ is absorbed from the environment 

• Sensors collect environmental data 

• Control system processes the data 

• Microalgae perform photosynthesis 

• Oxygen is released into the atmosphere 

• System parameters are continuously adjusted 

This integrated architecture enables automated and 

continuous air purification. 

 

6.4 Prototype Development 

A prototype of the Liquid Tree system is developed using a 

transparent tank, microalgae culture, and monitoring 

sensors. 

The system is tested in controlled conditions to evaluate its 

efficiency in reducing CO₂ levels and improving air quality. 

 

 

 

VII. PERFORMANCE ANALYSIS 

The performance of the Liquid Tree system is evaluated by 

comparing it with traditional air purification methods such 

as tree plantation. 

 

A. CO₂ Absorption Efficiency 

The system uses microalgae, which have higher 

photosynthetic efficiency compared to natural trees. 

Experimental observations show that the system can absorb 

significant amounts of CO₂ in a shorter time, improving air 

quality effectively. 

 

B. Oxygen Generation Performance 

The microalgae continuously produce oxygen as a by-

product of photosynthesis. 

Results indicate that: 

• Oxygen production is consistent and continuous 

• Efficiency is higher than traditional plants in limited space 

• Suitable for urban pollution control 

 

C. Response Time 

The system operates continuously, with real-time 

environmental interaction. 

Unlike traditional trees, the Liquid Tree responds faster to 

increased CO₂ levels due to controlled conditions, ensuring 

efficient purification. 

 

D. System Reliability 

The integrated biological and mechanical system 

demonstrates stable performance over long durations. 

However, performance may be affected by: 

• Insufficient light availability 

• Improper maintenance 

• Environmental fluctuations 

 

E. Overall Performance Impact 

Overall, the Liquid Tree system significantly improves air 

quality in urban environments. It reduces carbon emissions, 

increases oxygen levels, and provides a compact alternative 

to traditional trees. 

These advantages demonstrate its effectiveness as a 

sustainable solution for smart cities and environmental 

management systems. 

 

VIII. CONCLUSION 

The Liquid Tree (LIQUID3 Photobioreactor) demonstrates 

an effective and innovative approach for improving urban 

air quality using biological processes. The system integrates 

a photobioreactor tank, microalgae culture, environmental 

sensors, and control mechanisms to absorb carbon dioxide 

(CO₂) and generate oxygen in real time. 

By utilizing the natural process of photosynthesis, the 

proposed system successfully captures CO₂ from the 

surrounding environment and converts it into oxygen, 

contributing to pollution reduction and environmental 
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sustainability. Experimental observations show improved air 

purification efficiency, faster response to environmental 

changes, and better space utilization compared to traditional 

tree plantation methods. 

The results indicate that the system can operate efficiently 

under controlled environmental conditions and can 

continuously purify air with minimal delay. Although 

performance may be affected by factors such as insufficient 

light, improper maintenance, or environmental fluctuations, 

the prototype proves the feasibility of a compact and 

efficient air purification system. 

Overall, the Liquid Tree provides a reliable and sustainable 

solution for urban pollution control, smart city development, 

and environmental management. Future improvements may 

include IoT-based monitoring systems, AI-driven 

optimization, and large-scale deployment to enhance 

efficiency, automation, and scalability. 
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