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Review Article

LIQUID TREES AN INNOVATIVE APPROACH TOWARDS ENVIRONMENTAL REMEDIATION: A REVIEW
Abstract
The "Liquid Tree" presents an innovative and sustainable approach to mitigating urban air pollution by using photobioreactors containing microalgae. This technology mimics and surpasses the natural process of photosynthesis, absorbing carbon dioxide and releasing oxygen to improve air quality in dense urban environments where space for traditional green solutions is limited. Developed as a low-maintenance, efficient, and adaptable solution, the Liquid Tree aims to address the severe environmental and public health challenges caused by rapid urbanization and industrialization. Its deployment offers a promising strategy for creating healthier, greener cities by filtering pollutants, sequestering carbon, and promoting sustainable urban living. The purpose of this review is to provide a wide aspect of Liquid tree, carbon sequestration and environmental remediation. This review evaluates current research work on Liquid Tree.
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Introduction

The very rapid urbanization and industrialization of global cities have caused alarmingly elevated air pollution levels, culminating in a public health emergency. The World Health Organization reports that ambient air pollution results in 4.2 million fatalities annually, rendering it the foremost environmental health hazard. The predominant number of pollution-related fatalities transpires in low- and middle-income urban areas across Africa, Asia, and Latin America. The dependence on traditional energy systems such as coal, diesel fuel, and biomass combustion, coupled with unregulated industrial and vehicular emissions, generates a deleterious mixture of particulate matter, sulfur and nitrogen oxides, carbon monoxide, and other harmful pollutants in the atmosphere (George, 2023). The significant challenge of urban air pollution in growing countries is represented by Indian cities and 22 of the 30 most polluted cities in the world are in India, where average monthly PM 2.5 concentrations can approach 14 times WHO guidelines. The significant challenge of urban air pollution in growing countries is represented by Indian cities. 22 of the 30 most polluted cities in the world are in India, where average monthly PM 2.5 concentrations can approach 14 times WHO guidelines. Indoor air pollution is considered a developing concern that deteriorates the quality of life of individuals in their homes or workplaces. This type of pollution arises from outdoor pollution entering indoor areas, increasing in concentration, and adding to numerous other sources, including the use of cleaning chemicals, tobacco smoke, building supplies, and even radon, a hazardous gas that can enter houses through the foundations. Urbanization, population increase, and all the ensuing demands are the main causes of the deterioration of indoor pollution in recent decades (Regonesi, 2024).

This is an urgent issue that requires attention: no new plants are growing on city sites. Urban areas are facing the challenge of an aging infrastructure and the emergence of new cities, which highlights the need for increased green spaces. Cities are recognizing the importance of green spaces and are taking action to increase them, as they provide functional benefits and improve quality of life (Braiterman, 2011). With high-density development and construction, there is limited available land for planting new vegetation. Buildings, roads, and infrastructure take up most of the space, leaving little room for green spaces or gardens. Urban soils are often compacted, contaminated, or lacking in nutrients due to construction activities, pollution, and lack of organic matter. This makes it challenging for new plants to establish themselves and thrive. Urban environments can be harsh for plant life due to factors like air pollution, heat island effects, limited water availability, and lack of sunlight in heavily shaded areas. Prioritization of development: In many cities, urban planning and development prioritize buildings, transportation infrastructure, and economic activities over the creation and preservation of green spaces and natural areas (Deviram et al., 2020). Because all these urban green spaces are decreasing there is no more space to plant new plants in these places or other urban spaces and implementing new urban spaces is difficult even with advanced planning. Urban trees offer significant advantages to cities, including the filtration of air pollutants, carbon sequestration, mitigation of the urban heat island (UHI) impact, and reduction of extreme weather trends. Many cities globally experience a significant deficiency in sufficient tree cover and green space owing to the spatial limitations imposed by dense urban development. Enhancing urban tree canopies presents a significant challenge for communities striving to improve climate resilience and liveability (Ahmed et al., 2024; George, 2023). It takes time for these trees to become effectively productive to change the conditions of these urban areas in cities. This highlights the need for an urgent and rapid solution that does not consume space and time. It should be economically beneficial and should interlink with city planning. A major step forward in the fight against indoor and outdoor pollution, the "LIQUID TREE" is a sustainable urban solution that encourages a better and more sustainable living. 

What is the Liquid Tree?
In response to these environmental challenges, modern scientific study has led to the invention of the concept of "LIQUID TREE". It is a photo-bioreactor operates similarly to a plant but much more efficiently. This not only reduces the concentration of CO2 in the air and enriches the environment with pure oxygen, significantly improving air quality. It is a big step forward in the fight against indoor and outdoor pollution because it provides a long-term solution for cities and encourages people to live healthier, more environmentally friendly lives (Regonesi, 2024).
Why is Liquid Tree Used?

In many cities, there is not enough room for trees. In addition to moderating the "urban heat island effect" and lowering storm water runoff, urban trees also filter air pollution and store carbon in cities. But because of the spatial limitations of dense urban developed environments, many cities worldwide suffer from a severe shortage of green space and tree cover; as a result, increasing tree canopies to achieve climate resilience and liveability has become a significant problem (Ahmed et al., 2024). Urban environments frequently feature impervious surfaces like roadways, parking lots, and rooftops, which limit the space available for trees to grow and extend their roots. Urban trees may have challenges in survival due to soil compaction, inadequate drainage, and limited planting spaces near sidewalks and streets. Cities must prioritize land use, such as housing, transit, and green space, to fill limited available territory. Retrofitting existing neighbourhoods with tree cover can be tricky when nature is not factored into the planning from the start. Dense historic city centers present especially severe problems for integrating urban forests, as vast, mature tree canopies need appropriate below-ground area (Zhang, 2020). Cities like Paris, London, and Moscow feature central districts with substantial building density and insufficient ability for large-scale tree planting projects. Yet it is frequently these hubs that concentrate people, transportation pollution, and the urban heat island effect that trees help minimize. Creative solutions are needed to add "vertical forests" through rooftop gardens and living walls where horizontal space is lacking (Bakay, 2015).
In quickly rising cities spanning Asia, Africa, and Latin America, breakneck urban expansion is outpacing green planning and development. While certain communities may preserve tree cover, general canopy loss can occur as rural regions evolve into concrete jungles. For example, over the past decade Bangkok witnessed an 18% decrease in tree cover while Dhaka lost over 30% as population demands led to tree clear cutting. Expanding green infrastructure into marginal locations like alleyways, traffic medians, and parking lot peripheries provides incremental chances to grow urban canopies. So does a replacing impermeable surface with permeable ones to allow more urban pockets for trees to take root (Regonesi, 2024). Keeping existing trees healthy through effective pruning and disease management helps maximize the return on investment previously made in urban forests. And integrating trees into building facades and rooftops provides greenery and tree advantages into congested urban areas. With intentional and consistent work, even space-constrained cities may progressively incorporate more urban forest canopy cover to boost sustainability, air quality, and quality of life (George, 2023).

Why not just plant more solid trees? 
The sad truth of polluted urban areas is that it’s actually quite difficult to plantfully-grown trees in them; they lack the space and nutrient-rich soil trees require to grow, their roots can interfere with vital infrastructure and the trees themselves tend to have shorter lifespans (Regonesi, 2024). There’s also the raw efficiency of algae to factor in: 1kg of algae can sequester 1.83kg of CO2 per day, while an entire acre of maple forest only sequesters 2.2kg per day; They also grow 10 times faster and require 10 times less water. Time is a factor too: A liquid tree has the equivalent CO2-binding capacity of two 10-year-old trees or 200m2 of lawn and is ready to start immediately after installation. Maintenance would be a factor, but theoretically they can pay for themselves, as the aforementioned nutrients can come from wastewater which they would then clean. Certain species of algae even have alchemical levels of inventiveness, able to break down chemicals like estradiol (oestrogen to the likes of you and me), a common byproduct of modern life that frequently enters the ecosystem and can cause issues for fish and frogs (Deviram et al., 2020). It is imperative to underscore that the liquid tree’s objective is not to supplant natural forests but to serve as a strategic intervention in urban pockets where conventional tree planting proves impractical. The UK Woodland Trust’s chief executive Sue Holden has said “the (UK National Health Service) could save £2.1bn a year if everyone had access to green spaces”. Until such a time as everyone does have such access and we cease to pollute the air, liquid trees should be seen as an invention born out of necessity (Robert, 2023).

Liquid Tree Concept
The "LIQUID TREE" is an innovative and globally patented solution (even the name has been registered internationally) designed to address the problem of air pollution. This ingenious device contains selected microalgae and combines photobioreactors with photocatalytic filters, managed by artificial intelligence (Regonesi, 2024). This innovative technology allows any form of maintenance to be avoided for periods of 80-100 days, making it a practical and low-maintenance alternative. Designed and built in Turkey, the "LIQUID TREE" seeks to achieve numbers that allow us to improve air quality worldwide. Photobioreactors are closed tanks holding multiple microscopic photosynthetic organisms, such as algae, collected in a highly controlled system that permits exact management of their development and activity. 

These algae absorb carbon dioxide from the environment, carry out photosynthesis, and release oxygen, offering an effective solution to air pollution problems 
· Monitoring and controlling key parameters like temperature, pH, and light in real-time. 

· Analysing data to ensure optimal microalgae growth conditions. 

· Estimating system maintenance requirements and performance for optimal effectiveness.
Working Mechanism 

The "LIQUID TREE" photobioreactor utilizes modern technology and unicellular algae to enhance air quality. This technology uses a 600-liter water chamber to maximize efficacy and benefits for human well-being. The algae used are sourced from diverse aquatic settings, including oceans, seas, ponds, and lakes. The algae used in the "LIQUID TREE" are chosen for their ability to grow in both high and low temperatures, including winter. The main function of these algae is to absorb carbon dioxide from the atmosphere and other harmful gases (VOCs, PM) and, through photosynthesis, produce pure oxygen, generating biomass (Falkowski et al., 2004). For around three months, the biomass is automatically gathered by internal equipment, at the end of the three months, it must be collected in a practical and simple way, while the water in the bioreactor is replenished with the necessary minerals. Water is not replaced, but only a small amount is added to compensate for the amount removed with wet biomass. The harvested biomass can be used as fertilizer for plants and crops or as food for fish, offering a double benefit. Large quantities of biomass would allow uses in the field of nutraceuticals, cosmetics, bioplastics, biofuels, pharmaceuticals, and more (Regonesi, 2024).

In addition to connecting to the local grid, the "LIQUID TREE" can be outfitted with a solar panel that collects and transforms solar energy into electrical power. The panel can be placed on top of the device or outside of it. An integrated control system, solenoid valves, internal management pumps, and a pump that brings air into the tank through tiny holes are all powered by the energy. LEDs can also emit light on a predetermined schedule thanks to electricity, which makes it possible for microalgae to perform photosynthesis all year long—even during the winter when sunlight is sparse (Kovaliova et al., 2020). The "LIQUID TREE" is controlled by an AI system and is tracked remotely via sensors. Because of this, microalgae conditions can be continuously monitored and adjusted anywhere in the world, and quick action may be taken as necessary. Algae growing conditions may be optimized and activities can be effectively supervised through remote management. The "LIQUID TREE" has additional health benefits in addition to enhancing air quality by absorbing CO2 and releasing oxygen. By removing airborne germs, viruses, and allergies, algae can improve the quality of the environment. People's general health can be enhanced by lowering the prevalence of allergies and respiratory conditions (Dhar et al., 2023). A higher oxygen content in the air can also improve human metabolism and cognitive function, resulting in increased wellbeing and productivity.

Fig.1. The View of the Liquid Tree installed in the Public Place of Belgrade, Serbia
Leveraging Biotechnology

The liquid tree, which also serves as a waiting shed, not only provides a useful urban amenity, but also serves as a visual and pedagogical reminder of the need of sustainable practices (George et al., 2023). The invention is consistent with the rising global focus on using biotechnology to improve urban resilience to pollution and climate change.
Micro Algae
Specific types of micro algae used in Liquid trees
1. Chlamydomonas reinhardtii
1. The bioreactor uses Chlamydomonas reinhardtii, a freshwater microalgae species, which is 10 to 50 times more efficient at capturing CO2 than mature trees. (George et al., 2023)
2. Each unit can absorb as much CO2 as a single mature tree or 200 square meters of grass annually. (George et al., 2023)
Functions of Chlamydomonas reinhardtii (George et al ., 2023)

1. High CO2 Absorption & Oxygen Production

· Efficient photosynthesis: Converts CO2 into oxygen at high rates.
· Can thrive in high CO2 environments, making it effective in polluted urban settings.
2. Pollutant Absorption & Air Purification

· Besides CO2, it helps absorb nitrogen oxides (NOx) and particulate matter (PM2.5 and PM10), improving air quality.
Why Chlamydomonas reinhardtii is Suitable for Liquid Trees?

1. Accelerated growth and biomass output.

2. Works well in artificial photo-bioreactors.

3. There is potential for genetic manipulation to increase efficiency.


Because of these characteristics, Chlamydomonas reinhardtii is an attractive option for use in urban photobioreactors (liquid trees), which contribute to cleaner air and more sustainable city environments.
2. Scenedesmus obliquus (George et al ., 2023)

1. Increased CO2 absorption and oxygen production.

Photosynthesis is highly efficient in collecting CO2 and releasing oxygen.

Can survive in high CO2 conditions, making it excellent for urban air cleaning.

2. Rapid growth and biomass production.

Under favourable conditions, its biomass doubles within 24 hours.  

Present scenario


Throughout the previous few decades, air pollution and climate change have developed as critical worldwide issues. Urban clusters are highly responsible for the amount of air pollution in the atmosphere and climate change. Air pollution is a significant human activity that reduces air quality. It emanates from diverse activities including alteration of land use and cover, combustion of fossil fuels/incineration of residue, power plants, roadside dust particles, and automobiles (Kaur & Pandey, 2021). The massive expansion of motor vehicles has led to degradation in environmental quality and human health. Major traffic areas have concentrations of pollutants exceeding permissible limits. Severe respiratory diseases as well as other deadly cardiovascular diseases are facing the Indian community at large Immediate needs for vehicular air pollution monitoring and control strategies for urban cities are necessary. PM10, PM2.5, SOx, NOx, HC, CO2, and CO were found to be major pollutants responsible for vehicle emission-related pollution along with some meteorological parameters like Ambient Temperature, Humidity, Wind direction, and Wind Speeds (Desai, 2018).


Certainly, urban areas are affected by environmental threats such as acid rain, global warming, and depletion of the ozone layer. These threats have negative implications for performance and well-being in urban areas. The extent and rate of these changes in the global environment are contributed to by rapid population growth, uncontrolled urbanization, and unplanned industrialization (Dave, 2023). Urbanisation quickly becomes unsustainable thus water stress, scarcity, high use of, pollution of air and water sources, climate change as well and loss of urbanbiodiversity (Rashed, 2023) Additionally, overpopulation leads to pollution floods earthquakes, and occurrence of urban heat island effects that make environmental hazards in cities even worse (Varma et al., 2021) Due to temperature variations and precipitation changes that occur due to climate change pose a major challenge towards sustainable urban development and green infrastructure aimed at mitigating it (Sahu & Debsarma, 2023). In ASEAN countries air pollution climate change and water pollution are critical concerns that affect regional integration processes requiring initiatives targeted at their mitigation measures (Alcheikh Mahmoud et al., 2019).


This is an urgent issue that requires attention: no new plants are growing on city sites. Urban areas are facing the challenge of an aging infrastructure and the emergence of new cities, which highlights the need for increased green spaces. Cities are recognizing the importance of green spaces and are taking action to increase them, as they provide functional benefits and improve quality of life (Braiterman, 2011). With high-density development and construction, there is limited available land for planting new vegetation. Buildings, roads, and infrastructure take up most of the space, leaving little room for green spaces or gardens. Urban soils are often compacted, contaminated, or lacking in nutrients due to construction activities, pollution, and lack of organic matter. This makes it challenging for new plants to establish themselves and thrive. Urban environments can be harsh for plant life due to factors like air pollution, heat island effects, limited water availability, and lack of sunlight in heavily shaded areas. Prioritization of development: In many cities, urban planning and development prioritize buildings, transportation infrastructure, and economic activities over the creation and preservation of green spaces and natural areas. Because all these urban green spaces are decreasing there is no more space to plant new plants in these places or other urban spaces and implementing new urban spaces is difficult even with advanced planning. Urban trees provide immense benefits to cities, from f iltering air pollution and sequestering carbon to cooling the urban heat island (UHI) effect and minimizing unconditional climatic patterns. However, many cities around the world suffer from an acute lack of adequate tree cover and green space due to the spatial constraints of dense urban built environments. Expanding urban tree canopies is a major challenge facing cities as they work to increase climate resilience and liveability (Ahmed et al., 2024; George, 2023). It takes time for these trees to become effectively productive to change the conditions of these urban areas in cities. This highlights the need for an urgent and rapid solution that does not consume space and time. It should be economically beneficial and should interlink with city planning.
The Potential Impact of Liquid Trees on Urban Air Pollution


The liquid tree offers a novel and efficient solution for sequestering greenhouse gases in Belgrade's most polluted urban areas. The latest Intergovernmental Panel on Climate Change (IPCC) report states that atmospheric greenhouse gas levels must decline by 43% before 2030 and 60% by 2035 to maintain global temperature rise below 1.5°C. To achieve these targets, transitioning away from fossil fuels and employing carbon removal through natural sequestration and innovative technologies like the liquid tree are essential (Varma et al., 2021). The effectiveness of microalgae in locking away CO2 is estimated to be 10 to 50 times higher than regular trees, making it a promising solution for urban areas with limited space for planting trees. The liquid tree represents a potential game-changer in the fight against urban air pollution. By utilizing microalgae to bind carbon dioxide and produce pure oxygen, this technology offers a practical and efficient solution for improving air quality in densely populated cities like Belgrade. While not intended to replace natural forests, liquid trees can fill the void in urban pockets where planting trees is not feasible Desai, 2018). As the world seeks innovative solutions to combat climate change and improve air quality, the liquid tree offers a glimpse of a cleaner, greener future for our urban environments. 
Benefits of Liquid Tree
1. Reduction of carbon dioxide emissions
 
LIQUID TREES have the ability to sequester carbon dioxide from the atmosphere, which is a significant advantage. Photobioreactors contain microalgae that convert CO2 to oxygen through photosynthesis. This function plays a key role in reducing greenhouse gas emissions and combating climate change. According to Singh and Dake's 2023 study, microalgae are 10 to 50 times more efficient in binding CO2 than typical trees, making them particularly successful in this function.

2. Promotion of urban greenery

Additionally, liquid trees present a special chance to enhance urban flora. Photobioreactors can be placed in a variety of places, including parks, retail centres, workplaces, and city streets, in heavily populated urban areas with little room for green spaces (Villalba et al., 2023). In addition to enhancing the quality of the air, these gadgets give cityscapes a more appealing and habitable appearance. Additionally, they improve the plants' mood! 

3. Improved air quality

Moreover, LIQUID TREES® considerably boost air quality in addition to minimizing CO2 emissions. Viruses, bacteria, allergies, volatile organic compounds (VOCs), and particulate matter (PM) are among the air contaminants that microalgae destroy in addition to carbon dioxide. When pure oxygen is released during photosynthesis, the air becomes better to breathe, enhancing general health and lowering the occurrence of respiratory ailments (Dhar et al., 2023).

4. Wastewater Treatment 

Wastewater treatment is a significant use for photobioreactors. The microalgae in a photobioreactor function as organic matter, nitrogen, phosphorus, and other pollutants' natural filters when wastewater passes through them. In addition to purifying the water, this process creates algal biomass that can be utilized as animal feed or fertilizer, completing the nutrient cycle in a sustainable manner (George, 2023).

 5. Medical applications
There is also a lot of promise for the medical area from the microalgae found in photobioreactors. These microbes have the ability to create bioactive substances with medicinal qualities. When algae are grown in a controlled setting, such a bioreactor, it is simpler to extract these substances than when they are grown in their natural habitats (Farinati et al., 2022). This strategy has the potential to yield novel treatments for a range of illnesses as well as new discoveries and advancements in the pharmaceutical sector.

6. Use in the spacecraft

The use of photobioreactors in space missions may be crucial. By producing oxygen and removing carbon dioxide from spacecraft, they can improve the living conditions of astronauts. Furthermore, the capacity to cultivate edible plants such as green salads inside bioreactors may help astronauts meet their nutritional needs and maintain a balanced diet throughout extended flights (Kankaria et al., 2023).

Limiting Factors
a. Climate: The photosynthesis of oxygen-producing microalgae in liquid tree systems is dependent on an abundance of sunshine. Higher latitude cities with long, gloomy winters might not receive enough sunlight each year to support the highest levels of algae development. Although it uses more electricity, additional artificial lighting can make up for it. Additionally, cooler climates restrict options. (Regonesi, 2024).
b. Water: As the microalgae proliferate, liquid trees need a steady supply of water to replace the growth media. If freshwater algal strains in drought-prone areas experience extreme water constraint, sustaining the photobioreactors may become difficult. Although they need additional nutrients, saltwater-tolerant species may open up new opportunities. (Regonesi, 2024).
 c. Scale: Despite being small and effective with space, liquid tree units will actually just affect the quality of the air in their surrounding area. For neighbourhoods to experience a noticeable improvement, cities would need to implement a number of mechanisms. Mass scale-up may be constrained by operational and financial expenses. (Regonesi, 2024).
d. Maintenance:  Consistent monitoring and maintenance of active liquid tree installations will be necessary to prevent contamination and device failures. System malfunctions that go unnoticed could cause productivity issues. It is necessary to provide access for regular maintenance. (Regonesi, 2024). In conclusion, even though there are undoubtedly limitations, the adaptability of the underlying microalgae biotechnology opens up exciting opportunities to use liquid trees for applications other than the original urban air filtration. With more research and development, they have a promising future.

Tree Vs Liquid Tree:
The microalgae present inside the "LIQUID TREE" bioreactor have the astonishing potential to duplicate and overcome the carbon dioxide absorption of 3 to 20 tall trees (depending on the size of the LIQUID TREE). Recent research, such as the one conducted by Singh and Dake in 2023, have demonstrated that the efficiency of microalgae in absorbing CO2 through photosynthesis is 10 to 50 times higher than that of typical trees. This feature makes the "LIQUID TREE" a very effective device for air filtration in urban situations, and even more so in closed environments. Microalgae, unlike trees, are extremely resilient even in situations of high pollution, where trees often struggle to survive. Their ability to resist heavy metals and purify large volumes of air, ranging from 300 to 3000 cubic meters, has been confirmed by research such as Krieger's (2022). The "LIQUID TREE" represents one of the few natural alternatives available today to improve air quality in an environmentally friendly way, reducing CO2, volatile organic compounds (VOCs) and particulate matter (PM), and increasing the presence of oxygen (Regonesi, 2024).
The "LIQUID TREE" can be erected in any metropolitan area, including parks, shopping malls, movie theatres, restaurants, and offices. In instance, in schools, raising oxygen and reducing CO2 can increase pupils' concentration and cognitive capacities. Similarly, in gyms, oxygen-rich air can boost fatigue resistance and physical performance. Another key advantage of microalgae is their ability to work even during the winter months, when deciduous trees lose their leaves and limit their efficiency in absorbing carbon. 
Unlike traditional trees, liquid trees are immune to insect pests and illnesses, and require minimal and inexpensive maintenance (Kankaria et al., 2023). The photobioreactor "LIQUID TREE" is particularly ideal for installation in tight environments or in highly populated places, where room for green areas is restricted. It can be put in shopping malls, public parks, along roadways or inside buildings, offering a varied and practical solution for improving air quality in cities. Its large-scale implementation might greatly lessen the impact of urbanization on the environment and promote a healthier and more sustainable lifestyle. 
Implementation Case Studies

Several successful installations of liquid tree systems have proved their usefulness in diverse metropolitan situations. These case studies provide useful insights into the practical implementation and performance of liquid tree technology Table 1. These implementations demonstrate the versatility and efficiency of liquid tree systems across varied urban contexts and weather circumstances. The Belgrade installation, being the first of its sort, has served as a pattern for subsequent implementations, while adjustments in other locations have highlighted the technology’s potential for customisation to local demands and conditions.
Table 1: Notable implementations of liquid tree systems worldwide
	Location
	System type
	Key features
	Performance metrics
	Reference

	Belgrade, Serbia
	LIQUID 3

	600L capacity photobioreactor\n- Solar-powered lighting\n- Temperature control system
	Equivalent to 10 mature trees\n- Processes 300-3000 m³ air daily
	The First Algae Air Purifier in Serbia (n.d.)

	Barcelona, Spain

	Urban Photobioreactor

	Facade integration\n- Modular design\n- Smart monitoring

	90% CO2 reduction in immediate vicinity\n- 25% reduction in local air pollutants
	Villalba et al. (2023)


	New Delhi, India

	Pilot Installation

	Heat-resistant design\n- Automated nutrient delivery\n- Air quality monitoring
	15-20% % PM reduction\n- Enhanced oxygen production in high-pollution conditions
	Dhar et al. (2023)


	Geneva, Switzerland
	BioPod System
	Climate-controlled environment\n- Integrated water recycling\n- Real time monitoring
	Year-round operation\n- Processes 200 m³ air/hour
	Farinati et al. (2022)


Integration of Liquid tree concepts into metro cities
In India, the metro cities such as Kochi, Delhi, Chennai, and Kolkata there are numerous urban challenges, and some be effectively addressed by liquid trees. Liquid trees optimize the use of limited land resources by creating vertical structures that maximize space thereby producing food efficiently and adding greenery to densely populated urban areas. They provide vital benefits for cities suffering from extreme air pollution because they absorb pollutants and reduce the urban heat island effect through evapotranspiration and shading.  Liquid trees that run on closed-loop hydroponic systems encourage water conservation and lessen the burden on already thin water supplies. With their controlled environments and effective resource use liquid trees improve resilience and adaptive capacity as big cities continue to be vulnerable to the effects of climate change. By adding green areas and natural elements to cityscapes liquid trees not only have practical benefits but also enhance aesthetics and promote well-being. Liquid trees become an indispensable part of the solution for sustainable urban development in metropolitan areas by tackling urgent problems like food insecurity climate change urbanization and environmental degradation (Reghu et al., 2025).

These can be integrated into various spaces within the urban environments. Also being a photobioreactor, these are modular photobioreactors and can be restructured accordingly (Villalba et al., 2023).Rooftops and terraces of residential, commercial, or industrial buildings are ideal spaces for them. The addition of liquid trees can improve the general green infrastructure and produce aesthetically pleasing landscapes in public parks plazas and open areas that already exist. Liquid tree installations can be installed in underutilized areas that are frequently found close to transportation hubs such as train stations bus terminals and airports. The incorporation of liquid trees can enhance the indoor environments of shopping malls office lobbies and commercial centers by offering a revitalizing green space and better air quality. Schools, colleges, and universities can implement liquid tree systems as part of their sustainability initiatives, promoting environmental education and urban agriculture. Ideally, they are one of the best options to provide clean air and regulate temperature in highly crowded places in urban areas (Reghu et al., 2025).

Conclusion 
Indoor and outdoor air pollution is a major global health concern, especially in cities that are fast becoming more industrialized and urbanized. The effectiveness of traditional treatments, such as planting trees, in highly polluted areas is limited by space limits. The "LIQUID TREE" has become a creative, sustainable urban answer to this problem. Within a 600-liter water chamber, this patented photo-bioreactor uses carefully chosen microalgae, including Scenedesmus obliquus and Chlamydomonas reinhardtii. By releasing pure oxygen and producing biomass, these algae use photosynthesis to absorb carbon dioxide and other dangerous chemicals (VOCs, PM). With integrated solar panels and LEDs, the AI-managed system enables remote monitoring and optimization of algae growth conditions, even during the winter. In addition to possible uses in nutraceuticals, cosmetics, bioplastics, and biofuels, the gathered biomass can be fed to fish or used as fertilizer.

In addition to improving air quality by eliminating airborne germs, viruses, and allergens, the "LIQUID TREE" also significantly reduces carbon dioxide emissions (10 to 50 times more efficient than typical trees) and promotes urban greenery in constrained spaces. It can be used to treat wastewater, produce bioactive chemicals for medical purposes, and even produce oxygen and remove carbon dioxide from spacecraft. The versatility of microalgae biotechnology offers interesting future uses, despite limits related to climate, water availability, scalability, and maintenance. Its efficacy in a variety of urban settings is illustrated by case studies from Belgrade, Barcelona, New Delhi, and Geneva, indicating its potential as a useful instrument for building more sustainable and healthful cities.
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