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Abstract. Rapid urbanization has exacerbated issues like heat islands, 
stormwater flooding, and increasing solid waste production, which has led 
to find sustainable solutions in urban infrastructure. Green roofs are the 
nature-based (NBS) ideal solution to mitigate urban heat island and have 
several ecosystem services such as thermal regulation, water management, 
and carbon sequestration. Nevertheless, traditional systems are based on 
resource-dense substrates that have strong embodied carbon and structural 
load. This review discusses how circular manufacturing and waste-to-
resource can be implemented in the production of green roof materials with 
compost, biochar, and industrial by-products like fly ash, slag, and recycled 
construction waste. The review provides an overview of the global and 
India-specific studies, in which Indian studies have reported water-retention 
rates of between 58–68% and high biomass plant gains, whereas global 
studies have recorded a reduction in surface temperature by up to 10 °C and 
a reduction of life-cycle CO₂ emissions by approximately 35% compared to 
conventional systems. The policy frameworks are discussed using the Smart 
Cities Mission, GRIHA (The Green Rating of Integrated Habitat 
Assessment), IGBC (Indian Green Building Council), and the case of 
Bengaluru, Delhi, and Hyderabad. The article highlights the new synergy 
between NBS and sustainable manufacturing to implement green roofs as a 
way forward to resilient, resource-efficient, and climate-responsive Indian 
cities. 

1. Introduction 
Rapid urbanization in India is an important environmental and infrastructural challenge, 
which relates to increasing temperatures in cities, a new potential for floods, and a new waste 
crisis. As the cities began to expand at an unprecedented rate, the urban infrastructures 
urgently need new innovative and sustainable solutions [1]-[5] to enable the ecosystem  
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services to adapt to climatic changes and resilient cities. Nature-based Solutions (NBS) can 
be regarded as a new powerful tool to address these issues by implementing natural processes 
to urban infrastructures [6]. Among them, green roofs can be used to successfully minimize 
the heat island effect, handle stormwater, and increase the sustainability of urban 
environments [3]-[4]. India has already given testimony on its potential. For instance, 
computerized simulations of cool roofs in five climatic regions have shown that the energy 
demand has been reduced by a substantial amount, especially in hot-dry and warm-humid 
regions [19]. Simultaneously, high initial costs, lack of awareness, and maintenance issues 
have been pointed out as the major limitations to adaptation in Indian cities [14]. These results 
represent the potential and the contextual factors that green roofs have in India. Green roofs 
are discussed in this review in the framework of urban infrastructure materials engineering, 
and the consideration of the significance of waste materials, circular manufacturing of 
substrates. Compost, biochar, and industrial byproducts reduce the need to use virgin 
resources, and the recycling of vast amounts of waste is in line with the principles of a circular 
economy [7]-[12]. With the invention of useful infrastructure components using waste, India 
can solve the problem of the increasing load of waste, as well as the shortage of materials at 
the same time. This review thus expounds on the advantages of green roofs, contrasts the 
circular and conventional design, sustainable manufacturing practices, insight into policy and 
case study in India, performance data sets, and concludes with research and policy 
opportunities to mainstream green roofs in Indian cities.

 
Fig. 1. Standard green-roof assembly with vegetation, growing media (substrate), filter/drainage 
layer, root barrier, waterproofing membrane, insulation, and roof frame structure. 

2. Review Methodology 
The paper is structured as a systematic review process to generalise evidence on green roof 
material, ecosystem services, and policy frameworks that are applicable to Indian urban 
areas. The literature search has been performed in the major databases, such as Scopus, Web 
of Science, and Google Scholar, which include the literature published between 2010 and 
2025. Some keywords were used, such as green roofs India, nature-based solutions, circular 
economy construction, biochar compost substrates, urban heat island mitigation, and 
stormwater management. 

Peer-reviewed journal articles, conference papers, and government/NGO reports that 
satisfied the following inclusion criteria were included: (a) green roof performance (thermal 
performance, stormwater retention), (b) materials innovation under compost, biochar, or 
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industrial by-products, and (c) policy and implementation frameworks in India. International 
research was also incorporated, where they gave appropriate associations or techniques to 
compare with the Indian conditions. The criteria of exclusion were used to filter studies that 
lacked parameters to measure or studies that concentrated on other non-urban green 
infrastructure. 

Information was extracted and organized into four themes in order to conduct the review: (i) 
ecosystem services of green roofs, (ii) circular and waste-derived substrates, (iii) India-
focused case-studies and policy-regimes, and (iv) material performance and comparison-
datasets of Indian and global evidence. The rest of the paper is organized in this order in order 
to guarantee integrity between the review structure and the Results/Discussion section. 

3. Green Roofs as Nature-Based Solutions 
Green roofs, as an important Nature-Based Solution, represent a multifunctional solution to 
provide a suite of ecosystem services that help solve critical environmental issues in urban 
communities. These services have a special significance for fast urbanizing countries like 
India. 

3.1. Cooling and Urban Heat Island Mitigation 

Green roofs are a significant countermeasure to the Urban Heat Island effect because they 
replace heat-absorbing conventional roof surfaces with plant material. They help to lower 
surface and air temperatures by means of evapotranspiration and shading [3]. Surface 
temperature reductions of up to 30 °C have been reported [3], and in humid tropical cities, 
green roofs reduce temperatures compared with normal roofs [13]. For Indian cities such as 
Kolkata, Mumbai, Chennai, and New Delhi, green roofs are deemed an economical 
environmental mitigation strategy [14]. 

3.2. Stormwater Retention and Management 

Green roofs play a crucial role in urban stormwater management by retaining rainwater and 
delaying peak flows, thereby reducing flood risk [15]. This is very important for Indian cities 
exposed to heavy rainfall [4]. Green roofs have the potential to absorb a large amount of 
precipitation, and studies have reported peak flow reductions as great as 49.17% [16]. 
However, their ability to absorb stormwater volumes and improve effluent quality is one of 
the key characteristics for reducing the negative effects of urbanization processes [17]. Green 
roofs have great potential for flood-prone India, and local research is therefore needed [10]. 

3.3. Energy Efficiency and Savings 

By providing insulation and reducing heat transfer, green roofs contribute to building energy 
efficiency, decreasing energy consumption for cooling and heating [18]. Green roofs are a 
major opportunity in India, a country where cooling requirements are very high. While direct 
green roof information is still evolving, energy savings from a concept called "cool roofs" 
(with similar insulating principles) have been demonstrated to be quite significant in Indian 
cities. For example, the maximum energy reductions achieved from a calibrated simulation 
were in Mumbai (warm and humid climate), followed by Ahmedabad (hot and dry), 
Bangalore (temperate), and Delhi (composite). 

3.4. Biodiversity Support 

Green roofs are important ecological habitats in urban areas and support many plant and 
insect species [20]. Although they may not be fully representative of ground-level 
biodiversity, their structural diversity can be increased in order to improve species richness 
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[21]. Green roofs are part of an urban ecological fabric and contribute to biodiversity [21]. 
Studies indicate that green roofs can host diverse arthropod communities [22], [23], and some 
even show equivalent or higher species numbers compared to ground sites [20]. 

3.5. Relevance for Indian Cities 

The green roofs have great environmental positive effects on big cities of India, which are 
struggling with serious environmental issues. They can play a crucial role in reducing the 
urban heat island (UHI) effect in Delhi and, at the same time, improving the quality of the 
air. As a city with a fast-depleting green cover, Bengaluru can use the green roof to improve 
the urban canopy, control stormwater, and fight increasing city heat. Green roofs can help 
Hyderabad overcome the challenges of rising temperatures and water scarcity, even in the 
management of water, especially at the current climate conditions, where cool roofs have 
already shown significant potential in saving energy [19]. Likewise, the stormwater retention 
and thermal comfort benefits of green roofs will benefit Mumbai, a very prone city to floods 
and humidity, significantly [4]. Although these opportunities are obvious, green roofs are not 
widely implemented in India, and the main reason is the lack of knowledge about the cost-
benefit mechanisms of green roofs and the need to maintain them in the long term [14]. To 
realize the full potential of green roofs as a sustainable urban development tool in India, it is 
consequently necessary to increase the level of research in the country and raise the level of 
awareness of people. 

4. Circular Green Roof Systems 
Circular green roofing systems adopt the values of the circular economy, which aims at 
converting waste into resources, implementing closed-loop material circulation, and 
manufacturing in a sustainable way. The strategy is to reduce environmental impact, the use 
of materials, and increase resource efficiency during the lifecycle of the green roof. 

4.1. Waste-to-Resource and Recycling Flows 

Circular green roofs are all about waste as a resource in the manufacture of substrates. This 
removes waste in landfills and minimizes the pressure on virgin materials. There are 
enormous amounts of waste that can be valorized in India, such as construction and 
demolition waste, agricultural waste, and industrial waste [5]. 

In the Indian case, some of the key streams of waste that can be recycled into producing 
green-roof substrate are (a) construction and demolition (C&D) waste (crushed brick, 
concrete fines) that can be used as a lightweight aggregate; (b) municipal organic waste, 
municipal solid waste (i.e., after proper composting) that can be used as a source of nutrients 
and organic matter (c) agricultural wastes (coconut coir, rice husk, bagasse) that can be used 
as a bulking agent or feedstock to biochar. To incorporate such streams, a two-step process 
of (i) pre-treatment (e.g., shredding, sieving, thermal/chemical stabilization) and (ii) 
palletisation/blending with organic amendments is needed to produce uniform, plant-
supportive substrates. Small-scale LCA studies and pilot projects are suggested that can be 
used to measure the environmental advantages and find safe levels of concentration of 
possibly harmful substances (e.g., heavy metals in fly ash) [9], [10], [24]. 

4.2. Nature-Based Materials for Substrates 

Potential materials to be used as green roof substrates in the Indian context include compost, 
biochar, and industrial byproducts. As a by-product of organic matter, compost contains vital 
nutrients, improves soil composition, and retains water greatly, which promotes the 
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development of plants in green roofs [9], [10]. Its application also complements the overall 
waste management goals of India in terms of valorising urban organic waste. Biomass 
pyrolysis results in biochar that is highly porous, facilitating better water and nutrient 
retention and aeration, in addition to drought resistance. In addition, biochar is a long-term 
source of carbon, which serves to reduce climate change through carbon capture [7]. 
Industrial byproducts also have significant potential to develop as a substrate with both useful 
properties and the reduction of waste. The residue of coal combustion after burning, fly ash, 
can be used to improve draining and stabilization; metallurgical slags can be used to increase 
structural strength and change pH; recycled construction waste in the form of crushed bricks 
and concrete can be used to provide lightweight aggregates with porosity to retain water. As 
empirical data indicates, there is no cause to believe that these materials can be successfully 
integrated into green roof systems without impacting performance, and construction and 
demolition waste studies demonstrate promising findings in both water retention and plant 
growth [9], [10]. 

 
Fig. 2. Biochar in green-roof substrate and Cross-Sectional view 

4.3. Sustainable Manufacturing Techniques 

Such waste-to-resource prospects as composting, pyrolysis (to generate biochar), 
palletisation, and plastic recycling could be identified as potential waste-to-resource 
opportunities to develop sustainable green-roof systems in India. Urban organic waste 
compost yields amendments with nutrient value that enhance the fertility and water holding 
of the substrate [9], [10]. When the agricultural residues undergo pyrolysis, they produce 
biochar that improves porosity, nutrient retention, and long-term storage of carbon [7, 24]. 
Handling of fine industrial residues is enhanced by palletisation, which facilitates the making 
of uniform substrate mixes [8]. The recycled plastics can be used to make drainage mats and 
modular supported elements, and this will help to minimize the use of virgin plastics and 
enhance the performance of roof drainage capacity [33]. 

5. Comparative Framework: Conventional vs. Circular 
Systems 
The following table provides a comparative overview of conventional versus circular green 
roof systems based on key performance indicators. 
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Table 1. Conventional vs. Circular Systems 

Feature Conventional Green Roof 
Systems 

Circular Green Roof Systems Sources 

Material Input Virgin materials (e.g., soil, perlite, 
peat, expanded clay) 

Waste-derived materials (e.g., compost, 
biochar, fly ash, recycled concrete/brick) 

[7],[8], 
[9], [10] 

Life-Cycle 
Emissions 

Higher embodied carbon from the 
extraction, processing, and 
transportation of virgin materials. 

Lower embodied carbon due to waste 
valorisation and reduced demand for 
virgin materials; potential for carbon 
sequestration (biochar). 

[24], 
[25] 

Weight/Structural 
Load 

It can be heavy, especially intensive 
systems, requiring significant 
structural reinforcement. 

Often lighter due to porous, waste-
derived materials, allowing for broader 
application on existing structures. 

[26], [7] 

Water Retention Varies by material; may require 
irrigation in dry periods. 

Enhanced water retention is due to the 
porous nature of materials like biochar 
and compost. 

[10], [9] 

Thermal 
Performance 

Good insulation properties reduce 
heat transfer. 

Comparable or improved thermal 
performance, with added benefits of 
reduced embodied energy. 

[3], [13] 

Nutrient 
Management 

May require external fertilizers. Nutrient-rich due to compost; improved 
nutrient cycling with biochar. 

[10] 

 
Fig. 3. A representative illustration of the Cross-section and experimental layout of green-roof 
prototypes built with recycled/reused materials. 

6. India-Centric Applications 
6.1. Case Studies and Local Initiatives 

Green roofs are starting to be recognized as a useful measure towards environmental 
resiliency, as urban infrastructure in India is becoming more sustainable. On a city scale, 
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several programs demonstrate how the concept of green roofs is being integrated into local 
urban design. Rooftop farming has proven to be a successful activity in Bengaluru, driven by 
the involvement of individual companies and local participation, and illustrating the 
economic feasibility and sustainability prospects [27]. Urban green space planning is also 
recognized as part of the wider climate adaptation measures of the city [28]. Delhi has 
developed all-inclusive urban greening strategies to help mitigate air pollution and the urban 
heat island effect and has discussed using nature-based solutions and possible pilot programs 
on the greening of the public transport infrastructure [6], [29], [30]. Hyderabad and 
Vijayawada represent examples of active and changing urban agriculture with respect to 
rooftop gardening, through government-sponsored support to householders to utilize their 
rooftops as a way to create effective green spaces, although there are obstacles to adoption 
[31], [32]. Conversely, due to high water risks, heavy humidity, and extreme density of the 
built environment, Mumbai represents an example of the potential to implement green roof 
initiatives, which have been the focus of numerous green infrastructure studies. Conversely, 
Pune is an example of the application of circular economy principles to municipal solid waste 
management, thus providing a model for utilizing organic waste as source materials for 
growth substrates [33], [34]. 

6.2. National Frameworks and Policies 

On the national level, several policy frameworks offer an enabling environment to adopt the 
use of green roofs. The Indian urban renewal program, which is among the most ambitious 
in terms of sustainability, resource management, and smart infrastructure, is called the Smart 
Cities Mission and supports the implementation of green technologies into urban planning 
[35]-[37]. The Green Rating of Integrated Habitat Assessment (GRIHA) system encourages 
green building practices, which credit items like energy efficiency, stormwater control, and 
sustainable location planning, which green roofs directly deal with [38]-[39]. Similarly, the 
Indian Green Building Council (IGBC) establishes certification parameters that encourage 
the spirit of environmentally friendly building with a set of rules that enhance the contribution 
of the green roof to the achievement of higher standards of sustainability [38]. Combined, 
these urban-level programs and national frameworks outline the potential and institutional 
viability of developing green roofs as a standard urban sustainability tool in India. 

6.3. Implementation Status and Material Circularity 

The use of green roofs throughout India is a developing field. Recent studies reveal that the 
technology of green roofs is a developing field that is yet to be understood holistically and 
extensively in the country, despite its known benefits [14], [10]. The new reality of mass 
adoption of green roofs implies that data on national adoption levels and area coverage in 
aggregate form is a developing field of study. But there is an increasingly strong desire to 
use locally sourced waste products, including agricultural waste and construction and 
demolition waste, to grow green roof substrates. This is consistent with the concepts of the 
circular economy, where the use of virgin materials is minimised, and waste streams are 
valorised. 

6.4. Policy Development and Strategic Opportunities 

Improving the implementation of green roofs in India needs in-depth rather than general 
research. One research gap has to do with costs, reasonable maintenance protocols, and 
benefits, all being specific to urban and climatic settings in India. Studies focusing on the 
urban and climatic settings of India will help in strategic decision-making and will increase 
the confidence of stakeholders. Focused studies on green roofs' air purification, urban heat 
moderation, and stormwater management will help in decision-making and will increase the 
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confidence of stakeholders. Comprehensive studies on the multifaceted benefits of green 
roofs and of urban heat moderation and stormwater management will be greatly of use to 
policymakers, the citizens, stakeholders, and the general public [10], [14]. The incorporation 
of green roofs within urban development plans and building codes will guide mass 
implementation while explicitly integrating green roof requirements. The construction sector 
would also greatly benefit from the implementation of circular economy principles that 
promote the use of waste and by-products as green roof growing substrates. These strategies 
would allow India to make green roofs a fundamental component of urban resilience and 
sustainable development, as a growing plant will not visually dominate the roofs of the 
country's urban centers. 

7. Material Performance & Environmental Assessment 
The effectiveness of green roof systems, including circular economy principles, can be 
measured using different methodologies as indicated in performance metrics and various 
environmental assessments. Data from studies on a global and India-specific scale 
demonstrate the effectiveness of these systems and their contribution to the sustainability of 
cities. 

7.1. Water Retention 

The positive effects of green roofs on retaining stormwater and planting are significant, and 
these are the reasons why the use of green roofs is very relevant in terms of urban 
sustainability in India. Regarding retention of water, experiments have proved that low-cost 
waste-derived substrates are effective in improving hydrological performance. As an 
illustration, substrates prepared using aggregates and bio-sorbents like Sargassum biomass 
had water retention capacities of 58.5% [9], with optimization mixes of vermiculite and coco-
peat recording water holding capacities of up to 67.6% [40]. These results are in line with 
international evidence, including studies on a vegetated roof in Waterloo, Ontario, which 
retained 43.9% of overall rainfall during the study period, compared to a traditional control 
roof, which retained [41]. Further research also supports the capability of green roofs to 
decrease the volume of stormwater runoff and delay its onset, which, in turn, reduces the 
flood risk in crowded urban areas [42], [43]. 

7.2. Plant Growth and Biomass Increases 

Protecting the importance of substrates in sustaining the growth and biomass increases of 
plants, which are essential to support vegetation and provide ecologically significant services 
in the long term. A study on the Indian-based plant Portulaca grandiflora has shown an 
impressive increase in biomass of 450.3% and a relative growth rate of 0.038 when grown 
on a specially developed green roof media [44]. These studies indicate hope in the utilization 
of engineered waste-based substrates for the retention of vigorous vegetation. Additionally, 
the fact that rooftop farming projects in Bengaluru have been a success is another indicator 
that green roofs can generate large plant biomass, which can be used to both improve urban 
food security and increase the urban green cover simultaneously [27]. 

7.3. Indoor Cooling Efficiency 

Green roofing is significant in reducing the urban heat island (UHI) effect, as well as 
improving thermal comfort in buildings by reducing heat exchange to buildings. The large 
green roofs in the humid tropical metropolitan areas have shown, in contrast to traditional 
roofs, the ability to greatly reduce surface and air temperatures [13]. Even though thorough 
datasets on the cooling performance of green roofs in all climatic zones of India are yet to be 
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developed, similarities can be observed with studies conducted on cool roofs, which 
demonstrate similar thermal control advantages. As one example, a calibrated simulation 
study in India comparing five climatic regions showed that the greatest energy saving was in 
the warm and humid climate of Mumbai, then in Ahmedabad (hot and dry), Bengaluru 
(temperate), and Delhi (composite) [19]. Green roofs can benefit in the same way, acting as 
natural insulators to lower interior heat loads, reduce reliance on mechanical cooling systems, 
and consequently lead to general energy saving and better thermal comfort in the urban 
setting [45]. 

8. Environmental Assessment 
8.1. Life Cycle Assessment  

The life cycle assessment (LCA) provides a holistic approach to the assessment of the 
environmental impacts of green roofing, including the material production, installation, 
operation, and post-operating life cycles. The reduction of CO2 is among the most significant 
consequences because green roofs show lower emissions levels than traditional roofs, and 
the range of reductions observed is 35 to 83 percent [46]. Green roofs also store atmospheric 
CO2 by long-term plant growth and substrate utilization in addition to long-term reduction of 
embodied carbon [45]. This advantage is countered by the low energy benefits operationally, 
although the initial embodied emissions can be significant. This is also supported by the 
avoided emissions associated with the traditional energy consumption, and hence green roofs 
are considered a net-positive factor in climate mitigation [47], [24]. Waste diversion is 
another important LCA time outcome because the manufacture of circular substrates allows 
valorisation of city-level, agro-industrial, and temporary construction and demolition wastes. 
Green roofs are leading in terms of minimizing landfill reliance and enabling resource cycling 
through incorporation of these waste streams into substrate development [7], [9], [10]. 
Although quantitative estimates at large scales and in the Indian context are yet to be 
developed, experimental work consistently points to a high potential of waste re-utilization 
[10]. Lastly, energy saving is also an environmental and economic benefit of green roofs. 
Their inherent thermal insulation reduces the heat gain into the building, which decreases the 
mechanical cooling requirement and reduces the energy demand of the building [48], [49]. 
Indian research experience on cool roofs, which have similar thermal advantages, suggests 
that considerable energy savings under a variety of climatic conditions can be achieved 
through green roofs, hence the potential of such facilities in promoting meaningful 
sustainable urban energy management [19]. 

8.2. Comparative Datasets 

A comparison of the data provided by Indians and global data sets shows that there are 
similarities along with some distinct opportunities. Though the basic performance properties, 
i.e. water retention and temperature control, of green roofs are universal across all regions, 
India-specific studies are essential to attain a high level of material choice and design to meet 
local climatic conditions, waste patterns, and policy requirements [10].The focus on using a 
variety of waste products in India to develop the substrate (e.g., Sargassum biomass [9], coco-
peat or crushed brick [10], demonstrates a high degree of compatibility with the principles of 
the circular economy, which may have greater benefits in terms of waste diversion than more 
material-intensive regions. Additional full-fledged LCAs specific to manufacturing processes 
and material supply chains in India would furnish more accurate information on CO₂ 
reduction and waste diversion rates that are specific to the Indian situation. 
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9. Discussion 
As noted in the reviewed literature, green roofs offer several ecosystem functions with great 
potential in addressing the urban issues faced in India. They have been demonstrated to have 
the potential to counteract the urban heat island effect, with studies conducted worldwide 
reporting up to 10° C lower in surface temperatures and an Indian simulation (using cool 
roofs as a proxy) showing significant energy savings in Mumbai, Ahmedabad, Bengaluru, 
and Delhi. Hydrologically, Indian research has shown retention abilities of water at 58-68 %, 
in line with international studies of 40-50 percent stormwater reduction, highlighting the need 
for their implementation in flood-prone cities. The feasibility of waste-derived substrates is 
proven by plant growth experiments, like those involving biomass growth of Portulaca 
grandiflora and rooftop agriculture in Bengaluru, and the worldwide biochar and compost 
literature supports increased porosity, nutrient cycling, and carbon capture. Circular material 
innovation compost, biochar, fly ash, slag, and construction waste represent a potential 
direction, but in India, the evidence about circular material innovation has not been studied 
in large-scale trials, and there is no long-term tracking or structural analysis of it. Frameworks 
of policy such as the Smart Cities Mission, GRIHA, and IGBC have the facilitating 
conditions, and local examples are available in the form of Delhi, Hyderabad, and Mumbai, 
although there exist obstacles which limit implementation through high initial costs, lack of 
awareness as well and maintenance issues. A comparative synthesis indicates that although 
global studies provide strong datasets of life-cycle CO₂ reductions (up to 35%) and long-term 
thermal performance, Indian studies are in their infancy, with more strength in the potential 
of valorisation of waste and less strength in life-cycle assessment and field-scale validation. 
In general, the benefits of green roofs in India are established, and there are a lot of research 
gaps that need specific pilot projects, cost-benefit analysis, and incorporation into national 
building codes to reach the full potential associated with green roofs as a circular and climate-
responsive solution. 

10. Conclusion 
As identified in the discussion above, there is an urgent need for sustainable and resilient 
urban infrastructure in India, a country where urbanization is unprecedented and urban 
environmental strain is exerted in the form of urban heat islands, floods, and waste 
management crises. This review has shown that green roofs are an effective Nature-Based 
Solution because they can provide a multi-functional solution to these challenges, including 
important ecosystem services like thermal regulation and stormwater management, 
biodiversity, and energy savings. Most importantly, the combination of green roofs with the 
principles of the circular economy and sustainable manufacturing introduces a disruptive 
direction of Indian urbanization. As a change of no-waste-to-resource attitude, in particular, 
with the innovative use of compost, biochar, industrial byproducts, etc., as the substrates in 
the green roofing, we may reduce the environmental impact of the conventional building 
process dramatically. Such symbiosis between urban resilience and sustainable processes of 
production not only channels large quantities of waste out of the landfill but also leads to 
resource efficiency and embodied carbon in the life cycle of urban infrastructure. Currently 
developing Smart Cities Mission of India, and green building rating systems other than 
GRIHA and IGBC provide a policy framework. Greater integration and intensification of 
policy, technological development on the material science side, and production methods are, 
however, required to scale such solutions. The implementation of the circular NBS within 
green roofs is not merely an environmental requirement, but it is also a strategic path to the 
development of the resilient, green, sustainable, and habitable urban centres across India. 
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