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 Vertical Green Systems (VGS) - including green facades, 

living walls, and vertical forests - represent an emerging 

architectural approach that integrates vegetation into 

building envelopes to mitigate urban heat, air pollution, 

stormwater stress, and biodiversity decline. This paper 

provides an evidence-based qualitative analysis of VGS 

design principles, environmental performance, and 

socio-economic implications. Two flagship projects by 

Stefano Boeri Architetti are examined as primary case 

studies: Bosco Verticale (Milan, 2014) as a luxury 

prototype and Trudo Vertical Forest (Eindhoven, 2021) 

as a social-housing-oriented adaptation. The study 

synthesizes published technical documentation and 

peer-reviewed literature to compare typology, 

structural requirements, horticultural strategies, 

irrigation and maintenance models, and expected 

environmental benefits (microclimate regulation, 

habitat creation, and pollutant reduction). Socio-

economic dimensions are assessed through life-cycle 

considerations, operational maintenance burden, and 

equity implications of access to green living. Findings 

indicate that VGS can deliver measurable microclimatic 

and ecological gains and act as a visible climate 

adaptation strategy; however, feasibility is constrained 

by structural loads, long-term maintenance, 

water/irrigation reliability, and higher upfront costs. 

Future trends - such as IoT-based monitoring, resilient 

irrigation control, and advanced lightweight substrates 

- may improve reliability and affordability, enabling 

broader adoption in sustainable and climate-resilient 

cities. 

KEY WORDS 

Vertical Green Systems (VGS); 

Sustainable Architecture; Urban 

Ecology; Climate Adaptation; 

Bosco Verticale; Green 

Architecture; Urban Heat Island 

(UHI); Biodiversity; Socio-

Economic Impact; Living Walls; 

Green Facades. 

 

mailto:ziynatullosalimboev@gmail.com
mailto:nurulayevahilola@gmail.com


 

44 
 

www.in-academy.uz 
 

ISSN: 2181-4481 
 

CENTRAL ASIAN JOURNAL OF EDUCATION 

AND INNOVATION  IF=8.9 Volume 5, Issue 04, Part 2 April  2026 

1. Introduction 

Rapid urbanization intensifies environmental pressures in cities, including urban heat 

island (UHI) effects, air pollution, stormwater overload, and habitat loss. Global projections 

indicate that around two-thirds of the world's population will live in urban areas by 2050, 

increasing the relevance of building-scale nature-based solutions [21]. Vertical Green Systems 

(VGS) offer a building-envelope strategy that converts parts of the facade into a living ecological 

interface. VGS exist on a spectrum from simple climbing green facades to engineered living 

walls and the most complex typology, vertical forests, where trees and shrubs are integrated 

into terraces and deep planters. Beyond aesthetic value, VGS can contribute to microclimate 

regulation, pollutant deposition, and biodiversity support when designed and maintained 

appropriately [8,9,10,13]. 

2. Research Methods and Materials 

This study follows a qualitative review and comparative case-study approach. Peer-

reviewed literature in building physics, environmental engineering, and urban ecology was 

synthesized to identify (i) VGS typologies and mechanisms, (ii) reported environmental 

performance, and (iii) socio-economic factors such as cost, maintenance, and risk. Two case 

studies were selected to represent contrasting socio-economic contexts: Bosco Verticale as a 

high-end prototype and Trudo Vertical Forest as a social-housing-oriented implementation. 

The analysis is structured into four themes: architectural and structural design, horticultural 

and irrigation strategies, environmental benefits, and socio-economic considerations. Findings 

are discussed with attention to uncertainties and context dependence reported in the literature 

[5,6,11,15]. 

3. Typology and Technologies of Vertical Green Systems 

VGS include multiple construction families with different load, irrigation, and 

maintenance requirements. Green facades (direct or indirect) rely on climbing plants rooted in 

the ground or planter boxes, typically requiring lower structural capacity but taking longer to 

achieve full coverage. Living walls use modular or continuous substrate systems with 

integrated irrigation and allow higher plant diversity but require careful water management 

and periodic replacement of components. Vertical forests integrate larger vegetation (including 

trees) into the building structure via deep planters and cantilevered terraces, resulting in 

substantial structural loads and intensive long-term maintenance [5,15]. 

Table 1. Main types of Vertical Green Systems (VGS) 

System Type Description Advantages Limitations / Notes 

Green Facades Climbing plants 

rooted at the base or 

in planters grow on 

support structures 

(trellis, cable-net, 

frames). 

Lower cost; 

relatively low 

structural load; 

passive shading; 

simpler 

maintenance. 

Slower coverage; 

limited plant 

diversity; 

performance 

depends strongly on 

orientation and 

climate [4,11]. 

Living Walls Pre-vegetated 

modular panels or 

continuous substrate 

Immediate visual 

effect; design 

flexibility; can 

Higher weight and 

cost; irrigation 

dependence; higher 
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layers mounted on 

walls, with 

irrigation/fertigation. 

improve facade 

thermal behavior. 

maintenance and 

failure risk [5,9,13]. 

Vertical Forests Deep, integrated 

planters with shrubs 

and trees placed on 

balconies/terraces; 

ecosystem-scale 

facade planting. 

Highest ecological 

potential; habitat 

creation; strong 

microclimate and 

shading effects. 

Very high structural 

and maintenance 

demands; safety 

requirements; higher 

embodied impacts 

[2,6,20]. 

 

4. Case Studies: Vertical Forest as a High-Rise VGS Typology 

4.1. Bosco Verticale, Milan (2014) 

Bosco Verticale ("Vertical Forest") is a pair of residential towers in Milan that became a 

landmark prototype of high-rise facade afforestation. According to the designer's technical 

description, the project integrates approximately 800 trees, 5,000 shrubs, and 15,000 

perennials and groundcover plants on balconies and terraces [20]. Deep planters are 

structurally integrated into reinforced cantilevered balconies; the design challenge includes 

additional permanent loads (soil, water, vegetation) and dynamic wind loads acting on trees. 

Such projects typically require early wind and structural analysis, redundancy of anchorage, 

and robust waterproofing to avoid facade degradation over time [6,9,20]. Maintenance is a 

critical operational component, involving scheduled pruning, inspection of anchorage 

elements, and irrigation monitoring [6,20]. 

 
Figure 1. Bosco Verticale towers, Milan (2014).Source: Stefano Boeri Architetti (official 

project imagery; photo credit in filename: Giovanni Nardi). 
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Figure 2. Bosco Verticale facade detail showing integrated planters and mixed vegetation. 

Source: Stefano Boeri Architetti (official project imagery). 

 

4.2. Trudo Vertical Forest, Eindhoven (2021) 

The Trudo Vertical Forest adapts the vertical-forest concept to a social housing context. 

The tower provides compact apartments with balconies that host a planned mix of trees and 

shrubs, aiming to democratize access to green living [22]. Official project communication 

reports an expected annual CO2 uptake on the order of 50 tonnes, supported by a large number 

of facade plants combined with renewable-energy and water-management strategies [22]. 

From a feasibility standpoint, scaling VGS toward affordable housing typically requires 

rationalized details, prefabrication, and centralized maintenance to ensure plant survival and 

safety over the building life-cycle [6,11,22]. 
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Figure 3. Trudo Vertical Forest (Trudo Toren), Eindhoven (design: Stefano Boeri 

Architetti). Source: Wikimedia Commons, photo by Choinowski, CC BY-SA 4.0. 

4.3. Comparative Matrix 

Table 2 compares the two case studies across basic design, ecological, and operational 

parameters. The figures are indicative and depend on the final planting plan, climate conditions, 

and maintenance quality. 

Table 2. Comparative overview of Bosco Verticale and Trudo Vertical Forest 

Metric Bosco Verticale (Milan) 
Trudo Vertical Forest 

(Eindhoven) 

Completion / context 
2014; high-end residential 

prototype [20] 

2021; social-housing-

oriented tower [22] 

Main VGS typology 
Vertical forest (trees + 

shrubs + perennials) [20] 

Vertical forest adapted for 

affordable housing [22] 

Vegetation magnitude 

(reported) 

~800 trees; ~5,000 shrubs; 

~15,000 

perennials/groundcover 

[20] 

Hundreds of trees and 

thousands of shrubs/plants 

(project-reported) [22] 
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Key design drivers 

High structural loads; wind 

actions; waterproofing; long-

term maintenance [6,20] 

Cost rationalization; 

prefabrication; centralized 

maintenance [6,22] 

Operations & maintenance 

Specialized arborist 

maintenance and inspection 

cycles [6,20] 

Centralized maintenance to 

ensure survival and safety 

[22] 

Environmental intent 

Urban habitat creation, 

shading and microclimate 

benefits [8,20] 

Social equity + climate 

adaptation benefits; CO2 

uptake target [22] 

5. Environmental Benefits and Building-Physics Mechanisms 

Environmental performance of VGS is strongly context-dependent and is governed by 

multiple mechanisms: shading, evapotranspiration, added thermal resistance, wind shielding, 

and changes in near-wall airflow. Simulation and field studies report reductions in facade 

surface temperatures and improvements in outdoor thermal comfort, especially in warm 

seasons and high solar exposure conditions [8,9,11,13]. Energy impacts vary by system type, 

orientation, plant coverage, and climate; comparative studies indicate that living walls can 

provide higher seasonal energy savings than simple green facades, although winter impacts and 

moisture-related performance require careful design [12,13]. In addition, vegetation can 

contribute to air-quality services through pollutant deposition on leaf surfaces, particularly for 

particulate matter, but outcomes depend on species, leaf morphology, maintenance, and local 

dispersion conditions [10,14]. 

6. Socio-Economic Considerations 

Socio-economic feasibility is influenced by capital cost, long-term maintenance, irrigation 

energy and water use, and the value of co-benefits (thermal comfort, health, and urban 

amenity). Life-cycle and cost-benefit research emphasizes that the financial viability of VGS 

improves when both private benefits (energy, comfort, property value) and public benefits (air 

quality, UHI mitigation, aesthetics) are considered [6]. However, living wall and vertical forest 

typologies typically require specialized maintenance and risk management, raising operating 

costs and limiting adoption in low-income settings unless supported by policy, subsidies, or 

centralized management structures [6,11,22]. From a health perspective, broader literature 

links greater exposure to greenery with measurable mental and physical health benefits, 

supporting the argument that equitable access to vegetation is a public-interest objective [16]. 
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Figure 4. Example of specialized high-rise vegetation maintenance (“Flying Gardeners”). 

Source: Artribune (2015), photo credit shown in related publication: Laura Cionci. 

Copyright/permission may be required for formal publication. 

7. Challenges, Risks, and Limitations 

Despite potential benefits, VGS face significant technical and operational risks. Key 

challenges include irrigation malfunction, plant mortality, nutrient management, 

waterproofing failures, facade corrosion, and safety issues associated with falling debris. High-

rise vertical forests further require structural redundancy, anchorage verification, and wind-

resilient planting design. Embodied impacts (e.g., reinforced concrete, metals, and substrates) 

must be weighed against operational savings and ecosystem services in whole-life assessments 

[11,18,19]. Finally, performance evidence remains heterogeneous across climates and system 

specifications; therefore, claims should be framed as ranges and evaluated with local pilot 

monitoring when possible [15,19]. 

8. Future Trends 

Emerging trends aim to improve reliability and reduce operating costs. IoT-based sensing 

(soil moisture, substrate temperature, nutrient dosing), remote diagnostics, and adaptive 

irrigation control can reduce plant failure and optimize water use. Material innovations - 

including lightweight substrates and modular prefabricated planters - can lower structural 

loads and simplify installation [18,19]. Future research priorities include standardized 

performance metrics, long-term monitoring datasets, and design guidelines for safe high-rise 

applications in diverse climates [11,15,19]. 

9. Conclusion 

Vertical Green Systems, from simple green facades to complex vertical forests, provide a 

functional and adaptable model for integrating nature into dense urban environments. The 

Bosco Verticale demonstrated a strong proof of concept for high-rise ecosystem integration, 

while the Trudo Vertical Forest illustrates a pathway toward more socially inclusive 

application. Evidence indicates that VGS can support microclimate regulation, air-quality 
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services, and biodiversity-related goals, but successful implementation requires careful 

engineering, irrigation reliability, and sustained maintenance. Expanding adoption will depend 

on cost optimization, performance standardization, and governance models that recognize 

public co-benefits alongside private returns [6,11,15,19]. 
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