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Abstract. Cities face increasing climate risks, requiring scalable solutions for
urban sustainability. Green roof retrofitting offers environmental, economic, and
wellbeing benefits, including stormwater management, urban cooling, and
biodiversity enhancement. However, adoption remains limited due to financial
constraints, regulatory fragmentation, technical feasibility concerns, and a lack of
standardized lifecycle performance data. This study investigates the
interdependencies among barriers and enablers influencing green roof
retrofitting and explores whether circular economy principles can facilitate large-
scale adoption. Using Interpretive Structural Modelling (ISM) and MICMAC
analysis, the research structures these factors based on their driving power and
dependence relationships, identifying critical leverage points for intervention.
Preliminary findings from UK-based workshops and interviews with building
owner-operators, contractors, and a sustainability consultant are presented. The
analysis highlights key driving factors such as lack of performance and ROI data,
supply chain maturity, conflicting regulatory requirements, availability of
alternative financing, and sustainability incentives, while financial viability, tenant
acceptance, property management, and innovation appetite emerge as dependent
factors. Although circular economy strategies—such as modular systems, recycled
materials, and service-based business models—offer potential to address key
challenges, gaps in standards, regulatory clarity, and industry confidence may
create additional barriers if not carefully managed.

1. Introduction

The world faces a complex climate and biodiversity crisis which threatens the future of all life on
Earth (1,2,3,4). The majority of people globally now live in cities, and this is expected to rise to
66% by 2050 (5). Cities globally are polluted, hot, dry and impermeable (6). This means more
people than ever will be experiencing more extreme, frequent and unpredictable weather events
such as heatwaves and rainstorms (7).

Globally, there is a need to reduce carbon emissions (1) while simultaneously adapting to the
impacts of climate change and restoring biodiversity and biodiverse habitats (9), for example by
increasing use of circular economy materials (8). As cities across the UK and Europe face
increasing climate risks and stringent carbon emission reduction targets, retrofitting existing
buildings with green roofs offers a powerful strategy for urban resilience and sustainability (10).
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Green roofs contribute to carbon sequestration, energy savings, flood management, and
biodiversity enhancement (11). However, despite these benefits, scaling up green roof retrofitting
faces significant challenges, including technical, financial, regulatory and logistical barriers (12).
In this study, green roof retrofitting refers to the installation of vegetated roofing systems on
existing buildings not originally designed to accommodate them. It involves transforming
conventional roofs into living ecosystems through the addition of waterproofing membranes, root
barriers, drainage layers, growing media, and vegetation. This paper considers all types of green
roofs in analysing the barriers and enablers associated with retrofitting.

While previous studies have identified barriers to green roof retrofitting, they often examine
these factors in isolation. This paper explores the interdependencies among these green roof
retrofitting barriers and enablers, while also assessing whether and how a circular supply chain
model can facilitate widespread adoption. Using Interpretive Structural Modelling (ISM) and
MICMAC analysis, this study maps the interdependencies among key challenges and
opportunities, identifying critical leverage points for systemic change. Preliminary findings from
interviews and workshops with building owner and operators, general and green roof
contractors, and a sustainability consultant highlight priority areas for intervention, such as
regulatory constraints, economic feasibility, and operational coordination across the value chain.
By examining the interaction between circular economy practices and existing barriers or
enablers, the research further provides insights into whether and how circularity could enhance
scalability of green roof retrofitting. The results offer an emerging roadmap for policymakers and
industry stakeholders to maximize the impact of green roof retrofitting.

2. Literature Review

2.1. Green Roofs and Retrofitting for Sustainability

As cities continue to grow, they face mounting challenges such as climate change, biodiversity loss,
and worsening environmental conditions (13,14). Green roofs, a critical component of green
infrastructure, provide multiple ecological, social, and economic benefits that help mitigate these
urban issues. By absorbing rainwater, reducing runoff, and improving water quality, they play a
crucial role in stormwater management (15). Additionally, green roofs help counteract the urban
heat island effect (16), enhance air quality (17), and provide essential habitats for urban
biodiversity (18). These multifunctional benefits align with the broader concept of nature-based
solutions (NBS), which leverage natural processes to enhance urban resilience while promoting
sustainability (19-21).

Given that buildings account for approximately 40% of global energy consumption and 36%
of carbon emissions (23,24), improving their environmental performance is crucial for meeting
net-zero targets. Retrofitting—modifying existing structures to enhance energy efficiency and
sustainability—offers a viable strategy for reducing urban carbon footprints (22). Green roof
retrofitting, in particular, has been recognized as an effective approach to improving building
performance by reducing energy consumption, enhancing stormwater management, and
contributing to urban cooling (25,26). Additional benefits include biodiversity enhancement
through carbon sequestration (27) and extended roof lifespan due to protection from UV
exposure (28).

Technological advancements have improved the feasibility of green roof retrofitting. The
development of lightweight materials has made it possible to retrofit green roofs onto older
buildings with limited load-bearing capacity while maintaining stormwater attenuation and
thermal insulation benefits (32). Additionally, automated irrigation systems and smart
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monitoring technologies have enhanced operational efficiency, ensuring optimal performance
with minimal maintenance (33). Despite rapid growth in the green roof market—expanding by
17.1% annually in the UK to £30.7 million by 2016 (34) and reaching $2.43 billion globally by
2024 (36)—green roof retrofitting remains underutilized. Germany, Switzerland, Austria, and
Scandinavia have demonstrated higher adoption rates (34,35), but major gaps persist. London
alone could retrofit 10 million square meters of roof space (35), while Europe’s 2030 target for 5
square meters of green infrastructure per urban citizen highlights a €62 billion opportunity (35).
These figures underscore the significant potential for scaling retrofitting strategies.

Despite the advantages and innovations, scaling up green roof retrofitting remains
challenging due to technical, financial, and regulatory barriers (12). Retrofitting older buildings
with green roofs often requires structural reinforcements, which can be expensive and logistically
complex (38). The high initial costs deter building owners, while fragmented regulatory
frameworks and a lack of clear incentives further slow adoption. Case studies, such as those from
Stuttgart, highlight the multifunctionality and adaptability of green roofs, yet also reveal
disparities in implementation due to varying policy environments and stakeholder priorities (37).
These gaps suggest that a systematic approach is needed to integrate technological, financial, and
policy-driven solutions for green roof retrofitting.

2.2. Circular Economy: A Potential Solution for Green Roof Retrofitting

One emerging strategy to overcome these challenges is the integration of circular economy
principles into green roof retrofitting. The circular economy shifts away from the traditional
"take-make-dispose” model and instead promotes resource efficiency through material reuse,
recycling, and refurbishment. In the construction sector, circular practices may help address
resource scarcity and reduce waste generation (29,30). Applying these principles to green roof
retrofitting could lead to cost reductions, improved material efficiency, and increased feasibility
for large-scale adoption. Examples of circular approaches in green roof retrofitting include using
recycled substrates, modular green roof components, and repurposed materials to lower costs
and environmental impact (31). However, despite growing interest, research on how circular
economy principles can be effectively integrated into green roof retrofitting remains limited. Key
questions remain regarding how to develop sustainable supply chains, create financial incentives,
and measure the long-term benefits of circular retrofitting strategies.

2.3. The Need for Further Research

While substantial progress has been made in green roof technology, the challenge of scaling up
retrofitting efforts remains unresolved. Current studies highlight the benefits of green roofs but
often fail to address how the complex web of regulatory, financial, and supply chain barriers can
be overcome. Furthermore, the potential of circular economy strategies to enhance green roof
retrofitting remains underexplored, particularly in terms of supply chain development, financial
viability, and performance evaluation. Given the urgent need for urban adaptation to climate
change and the increasing pressure to meet carbon reduction targets, further research is needed
to identify scalable strategies for green roof retrofitting including considering circular economy
principles. Although previous research has explored the barriers to green roof retrofitting, few
studies have examined how these challenges interact in a systemic way. The ISM-MICMAC
methodology allows us to capture these relationships, prioritizing intervention points for
maximum impact.

3. Methodology
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This study employs Interpretive Structural Modeling (ISM) and MICMAC (Matrice d’Impacts
Croisés Multiplication Appliquée a un Classement) analysis (39) to examine the interrelationships
between factors influencing the adoption and scalability of green roof retrofitting. The research
focuses on identifying key enablers and barriers as well as the dependencies among them, and
questions whether a circular delivery model could support the adoption of green roof retrofitting.

The research follows a qualitative, expert-driven approach using a combination of semi-
structured interviews and workshops. To explore the barriers and enablers of green roof
retrofitting and to consider the potential impact of a circular economy framework on them, the
paper draws on three key stakeholder perspectives: private building owner and operators,
contractors, and sustainability consultants. The private building owner and operators represent
the end-user perspective, offering insights into decision-making processes, financial
considerations, and perceived benefits or risks of retrofitting. The contractor provides critical
expertise on the practical feasibility of implementation, addressing technical constraints, supply
chain challenges, and labor-related barriers. Lastly, the sustainability consultant emphasizes a
holistic view encompassing a multidimensional view on enabling sustainability, integrating
multidisciplinary knowledge of material flows, lifecycle sustainability, and regulatory frameworks
that influence adoption at scale. Together, these perspectives capture a wide set of enablers and
barriers as well as circular economy considerations, allowing for a structured analysis of
interdependencies using Interpretive Structural Modeling (ISM) and MICMAC analysis.

The preliminary findings presented in this paper were collected through workshops with
building owners and contractors (two organizations for each) and an in-depth interview with a
sustainability consultant from a major consultancy firm. Workshops lasted three hours each; the
interview, two hours. From these sessions, 12 to 15 key factors (i.e., enablers and challenges) were
extracted per stakeholder group, addressing themes such as structural feasibility, different
rooftop uses, financing, and policy. ISM was then applied to model the hierarchical relationships
among these factors, using pairwise comparisons to construct a structured map of influence. ISM
clarifies how complex and interlinked factors form layered dependencies, supporting strategic
decision-making. MICMAC analysis followed, classifying each factor based on its driving power
(ability to influence others) and dependence level (extent to which it is influenced). MICMAC
organizes the factors into four categories—autonomous, dependent, linkage, and driving—
revealing which variables are most influential in shaping the scalability of green roof retrofitting
(39). Due to space constraints, only key driving (high influence) and dependent (highly
influenced) factors are presented in the findings section, categorized by stakeholder group.

4. Findings

The analysis for building owner-operators identifies the key factors (see Table 1) with the highest
driving power as: lack of performance and ROI data, maturity of the supply chain, conflicting
regulations, sustainability requirements and incentives, availability of alternative financing
options, and structural feasibility. Lack of performance and ROI data exerts strong driving power
by creating uncertainty around the financial returns, operational benefits, and risk reduction
associated with green roofs. Supply chain maturity also acts as a major driver, influencing access
to reliable, high-quality, and innovative retrofit solutions, including those applying circular
economy principles. Conflicting regulations, particularly tensions between fire safety,
conservation requirements, and sustainability goals, complicate the retrofitting process and
influence decision-making. Sustainability requirements and incentives, such as national carbon
targets or planning frameworks promoting green infrastructure, act as important drivers by
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encouraging adoption. Availability of alternative financing options, such as grants, service
contracts, or green leases, helps address the challenge of high upfront costs. Structural
feasibility—the physical ability of a building to support green roof installations—continues to
play a significant role in shaping retrofit opportunities.

The factors with the highest dependence are ongoing financial viability, tenant willingness
and acceptance, corporate ESG and sustainability goals, competing rooftop uses, property
management, and innovation and risk appetite. These dependent factors are influenced by the
driving factors. For example, the ongoing financial viability of a green roof depends on installation
costs, maintenance burdens, and potential income streams. Tenant acceptance and corporate ESG
goals are shaped by available incentives, demonstrable performance benefits, and alignment with
broader sustainability frameworks. Competing rooftop uses, such as solar panels or mechanical
plant equipment, and property management concerns depend on how financial and technical
conditions are structured. Similarly, an organization’s willingness to pursue innovative or circular
solutions depends on the maturity of supply chains and clarity of regulatory frameworks.

Table 1. Summary of key drivers and key dependent factors for building owner and operators

Factors with highest driving power Factors with highest dependency
Lack of performance and ROI data Tenant willingness & acceptance
Availability of alternative financing Corporate ESG & sustainability goals
Conflicting regulations Innovation & risk appetite
Sustainability requirements & Property management
incentives considerations

Supply chain maturity Competing rooftop uses
Structural feasibility Ongoing financial viability

From a building owner-operator perspective, the circular economy could play a role in
mitigating some of these challenges by introducing innovative financing models, such as green
roof leasing or service-based agreements, reducing the financial burden on building owners.
Additionally, prefabricated, modular green roof systems using recycled materials could further
improve the embodied carbon and some of the operational challenges. However, the lack of
circular economy standards has been highlighted as a fundamental barrier to increasing adoption
of circular approaches.

Contractors face both technical and financial hurdles when implementing green roof
retrofitting (see Table 2). The lack of financial incentives and subsidies for installation is a key
driving factor, making green roofs less attractive compared to other sustainability interventions.
Unlike energy efficiency retrofits that receive funding from the government, green roofs lack
widespread government support in the UK, placing a heavier financial burden on project
developers. Another major driving factor is the local policy and planning gaps for green roofs in
retrofitting. When it comes to green roofs, many local authorities focus on new builds rather than
retrofit projects, leaving project teams without clear guidelines, incentives, or streamlined
approval processes. This lack of regulatory clarity further complicates decision-making and slows
adoption. The need for cost-benefit data also emerges as a critical driving factor. Decision-makers
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often struggle to justify green roofs due to the lack of standardized economic and environmental
impact assessments. Without clear projections on lifecycle savings, stormwater management
benefits, and biodiversity gains, contractors face difficulties convincing clients and stakeholders
to invest in green roof retrofitting.

On the dependent side, upfront cost focus over lifecycle benefits remains a major limitation.
Many projects prioritize short-term affordability, disregarding long-term energy savings, roof
lifespan extension, and environmental benefits. Contractors often struggle to shift mindsets from
initial capital costs to a holistic cost-benefit perspective. Additionally, maintenance challenges act
as a dependent factor, as uncertainty around who is responsible for long-term care leads to
reluctance in adopting green roofs. Without clear service contracts or maintenance models,
clients hesitate to commit to these solutions. Lastly, value engineering and cost-driven cuts often
lead to green roofs being removed from projects. When budgets tighten, green roofs are among
the first to be sacrificed, reinforcing the need for stronger policy mandates and financial
incentives to ensure green roofs remain a priority.

Table 2. Summary of key drivers and key dependent factors for contractors

Factors with highest driving power Factors with highest dependency

Lack of financial incentives and Upfront cost focus over lifecycle
subsidies for installation benefits
Local policy and planning gaps for Maintenance challenges

green roofs in retrofitting

Need for cost-benefit data Value engineering & cost-driven
cuts

From a contractor point of view, the circular economy could play a role in overcoming these
challenges by promoting innovative financing models, such as performance-based contracts,
which shift the cost burden away from upfront investments and onto long-term savings.
Additionally, modular green roof systems using recycled materials could streamline installations
and maintenance, improving affordability and long-term stewardship concerns. However,
stronger policy support and regulatory adjustments are needed to ensure these solutions can be
integrated effectively. Challenges related to recycled materials, end-of-life management, and
compliance hurdles limit the use of innovative components and approaches in green roof
retrofitting. Many innovative solutions face regulatory roadblocks, with fire safety, toxicity
concerns, and durability uncertainties preventing widespread market adoption.

The sustainability consultant emphasized the need for lifecycle data and benchmarks for
holistic cost-benefit analysis as a primary driving factor. Without standardized methodologies for
measuring the economic, social, and environmental benefits of green roofs, decision-makers
struggle to justify investments. Establishing consistent lifecycle assessment frameworks would
help improve green roof retrofitting. Another key driving factor is the decarbonization and EPC-
driven funding priorities in the UK. Public funding is often directed toward energy efficiency
upgrades, such as insulation or heat pumps, rather than biodiversity-focused solutions like green
roofs. This funding disparity limits green roof adoption for retrofitting despite their positive
impact on multiple sustainability issues. Additionally, the lack of knowledge dissemination and
training, along with a shortage of innovative case projects, emerges as a major driving factor. Many
architects, engineers, and developers lack direct experience and/or confidence with green roof
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retrofitting, leading to hesitancy. Expanding demonstration projects and industry training could
bridge this knowledge gap.

On the dependent side, value engineering and cost-driven cuts frequently remove green roofs
from retrofitting projects. Since the financial returns are not clear (see the driving factors), they
are often sacrificed in favor of more traditional sustainability measures. Similarly, it seems that
the reason certification schemes (such as BREEAM or WELL) are the primary adoption drivers is
a result of knowledge gaps, lack of lifecycle data and incentives. Without direct financial
incentives, this reliance on certification frameworks slows widespread adoption as they don’t
have a high driving power. Other dependent factors include the short-term investment mindset,
where many stakeholders prefer solutions with faster financial payback periods, and the lack of
better streamlined supply models, as fragmented procurement processes complicate green roof
implementation.

Table 3. Summary of key drivers and key dependent factors for sustainability consultants

Factors with highest driving power  Factors with highest dependency

Need for lifecycle data & benchmarks Value engineering & cost-driven
for holistic cost-benefit analysis cuts
Decarbonization and EPC-driven Certification schemes as primary

funding priorities adoption drivers
Lack of knowledge dissemination & Short-term investment mindset

training and innovative case projects

Lack of streamlined supply models

[t was stated that the circular economy could play a role by introducing integrated green roof
service models, where design, installation, and maintenance are bundled under long-term
contracts. Additionally, circular material certification and clearer lifecycle assessments could
strengthen financial justification, making green roofs a more competitive solution for retrofitting.

5. Discussion

A recurring challenge across all stakeholder groups is the high upfront cost of green roof
retrofitting and the lack of financial incentives. The MICMAC analysis underscores that both
contractors and building owner-operators perceive financial viability as highly dependent on
upstream factors, while sustainability consultants emphasize the systemic absence of funding
mechanisms that prioritize green roofs over other sustainability measures. Regulatory
fragmentation, particularly tensions between fire safety, conservation, and sustainability
requirements, further complicates adoption. Moreover, a lack of clear lifecycle performance data
and standardized evaluation metrics leads to uncertainty regarding green roofs' financial and
environmental value, deterring investment.

The findings reveal that many perceived barriers and enablers are in fact dependent on a
smaller number of key driving factors. For example, ongoing financial viability is heavily
influenced by availability of alternative financing options, supply chain maturity, and performance
data. Similarly, the maturity of the green roof supply chain and the presence of sustainability
incentives shape broader adoption conditions across stakeholder groups. This distinction is
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critical, as it suggests that targeting core drivers—such as financing models, regulatory
coherence, and lifecycle data standardization—can have a systemic impact.

While circular economy principles offer potential to address some of these systemic drivers,
they could also introduce new complexities. For instance, requirements for recycled material
standards, end-of-life planning, or innovative modular systems could create additional regulatory
or supply chain hurdles if not managed carefully. A more balanced, phased integration of circular
economy approaches is therefore recommended, focusing initially on areas where clear benefits
align with existing regulatory frameworks and market capabilities. Key implications include:

e Targeted Financial Support - Green roof retrofitting remains financially challenging due
to high upfront costs and limited incentives. Expanding funding mechanisms—such as
grants, tax credits, or performance-based subsidies—could improve economic feasibility
and reduce financial risk for building owner/operators.

e Regulatory Coherence & Incentives - Misalighment between national sustainability
policies and local planning or fire regulations complicates green roof adoption. Clearer
guidelines, streamlined approval processes, and policy integration across government
levels could remove regulatory bottlenecks.

e Standardized Performance Metrics & Data - A lack of consistent ROI and environmental
performance data hinders investment confidence. Establishing industry-wide
benchmarks for lifecycle costs/benefits would provide clearer justification for adoption.

e Knowledge & Best Practice Sharing - Limited familiarity with green roof retrofitting and
its innovative applications lead to hesitation in adoption. Expanding industry training,
knowledge-sharing platforms, and case study demonstrations could build confidence.

e Shifting Investment Mindsets - The dominance of short-term cost considerations leads to
green roofs being deprioritized in retrofitting projects. Promoting lifecycle-based
decision-making, demonstrating long-term financial and environmental benefits could
shift perspectives.

6. Conclusion

This study provides new insights into the interdependencies among the barriers and enablers of
green roof retrofitting while considering the potential role of circular economy strategies in
supporting adoption. A central finding is the importance of distinguishing between core driving
factors—such as availability of financing options, regulatory clarity, and supply chain maturity—
and the dependent factors that result from them, such as ongoing financial viability and tenant
willingness. Addressing core drivers could create a more enabling environment for scaling up
green roof retrofitting. In particular, establishing standardized performance metrics and lifecycle
cost-benefit frameworks would strengthen the financial case for investment. Policy coherence
across fire safety, conservation, and sustainability priorities will be equally crucial.

Although circular economy strategies—such as modular prefabricated systems, recycled
material use, and integrated service models—offer promising ways to improve cost-effectiveness
and environmental performance, their implementation must be carefully managed to avoid
creating additional regulatory or supply chain barriers. Stronger policy support, pilot projects,
and clearer certification pathways will be essential to successfully integrate circularity into
mainstream retrofitting practices. This study acknowledges its limitations, particularly its focus
on the UK context and the relatively small number of stakeholder participants. Future research
should validate these preliminary findings through broader stakeholder engagement and explore
practical demonstration projects to assess scalable circular green roof retrofitting models.



Sustainable Built Environment Conference 2025 Zurich IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1554 (2025) 012012 doi:10.1088/1755-1315/1554/1/012012

7. Acknowledgements

This work was supported by the UCL EPSRC Impact Acceleration Account, award number
KEI2023-03-05 R.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

IPCC. Climate Change 2023: Synthesis Report. Contribution of Working Groups I, Il and III to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Lee H, Romero ],
editors]. Geneva: IPCC; 2023. 184 p. doi:10.59327 /IPCC/AR6-9789291691647. Available from:
https://www.ipcc.ch/report/ar6/syr/.

IPBES. Summary for policymakers of the global assessment report on biodiversity and ecosystem services.
Diaz S, Settele ], Brondizio ES, Ngo HT, Guéze M, Agard ], et al,, editors. Bonn: IPBES secretariat; 2019. 56 p.
Available from: https://www.ipbes.net/global-assessment.

Burns F, Mordue S, al Fulaij N, Boersch-Supan PH, Boswell ], Boyd R], et al. State of Nature 2023. The State of
Nature partnership; 2023. Available from: https://stateofnature.org.uk.

MEA. Millennium Ecosystem Assessment. Ecosystems and Human Well-Being. 2005. Available from:
https://www.millenniumassessment.org/documents/document.355.aspx.pdf.

United Nations. World Urbanization Prospects: The 2018 Revision. United Nations; 2018. Available from:
https://population.un.org/wup/assets/WUP2018-KeyFacts.pdf.

Grant G. Ecosystem services come to town [Internet]. 2012. Available from:
https://doi.org/10.1002/9781118387924.

Emilsson T, Sang AO. Impacts of climate change on urban areas and nature-based solutions for adaptation.
In: Nature-Based Solutions to Climate Change Adaptation in Urban Areas. 2017. p. 15-22. doi:10.1007/978-
3-319-56091-5_2.

Schréder P, Barrie ], Chatham House. How the circular economy can revive the Sustainable Development
Goals [Internet]. Chatham House. 2024. Available from:
https://circulareconomy.europa.eu/platform/sites/default/files /2024-09/2024-09-19-how-the-circular-
economy-can-revive-the-sdgs-schr%C3%Béder-barrie.pdf.

Portner HO, Scholes R], Agard ], Archer E, Arneth A, Bai X, et al. Scientific outcome of the IPBES-IPCC co-
sponsored workshop on biodiversity and climate change. Bonn: IPBES secretariat; 2021.
doi:10.5281/zenodo.4659158. Available from: https://www.ipbes.net/events/ipbes-ipcc-co-sponsored-
workshop-biodiversity-and-climate-change.

Saqib A, Sana Ulla Khan M, Ahmad Rana I. Bridging nature and urbanity through green roof resilience
framework (GRF): A thematic review. Elsevier Inc.; 2024. doi:10.1016/j.nbsj.2024.100182. Available from:
http://creativecommons.org/licenses/by/4.0/.

Mihalakakou G, Souliotis M, Papadaki M, Menounou P, Dimopoulos P, Kolokotsa D, et al. Green roofs as a
nature-based solution for improving urban sustainability: Progress and perspectives. Renew Sustain Energy
Rev.2023;113306.doi:10.1016/j.rser.2023.113306.

Mileti¢ N, Zekovié B, Cukovi¢ Ignjatovié¢ N, Ignjatovié¢ D. Challenges and potentials of green roof retrofit: A
case study. Technol Imag Green Digit Transit. 2023; Chapter 75. doi:10.1007/978-3-031-29515-7_75.
Available from: https://link.springer.com/book/10.1007/978-3-031-29515-7.

Morrison R, Hartley S, Evans S, Winch R, Business in the Community, UK Green Building Council. Nature-
based solutions to the climate emergency: The benefits to business and society. In: Lane ], Mant A, Skeldon
A, editors. Nature-Based Solutions for the Climate Emergency. 2020. Available from: https://ukgbc.org/wp-
content/uploads/2020/08 /Nature-based-solutions-to-the-climate-emergency.pdf.

Green Roofs and Vertical Gardens - nature-based solutions to climate change in an urban context |
Sustainable NI. (n.d.). Available from: https://www.sustainableni.org/case-study/green-roofs-and-vertical-
gardens-%E2%80%93-nature-based-solutions-climate-change-urban-context.

Berndtsson JC. Green roof performance towards management of runoff water quantity and quality: A
review. Ecol Eng. 2010;36(4):351-360. doi:10.1016/j.ecoleng.2009.12.014.

Adilkhanova I, Santamouris M, Yun GY. Green roofs save energy in cities and fight regional climate change.
Nat Cities. 2024;1(3):238-249. doi:10.1038/s44284-024-00035-7.

Currie BA, Bass B. Estimates of air pollution mitigation with green plants and green roofs using the UFORE
model. Urban Ecosyst. 2008;11(4):409-422. doi:10.1007 /s11252-008-0054-y.

Sedum Green Roof. Benefits of green roofs | Sedum Green Roof [Internet]. Sedum Green Roof | British
Sedum Green Roofs. 2021. Available from: https://sedumgreenroof.co.uk/benefits-of-green-roofs

Dige G, Oulton AR, Olah B, Crouzet P, Uhel R, Meiner A, et al. Green infrastructure and territorial cohesion.
In: EEA Technical Report No 18/2011. European Environment Agency; 2011. doi:10.2800/88266.



https://www.ipcc.ch/report/ar6/syr/
https://www.ipbes.net/global-assessment
https://stateofnature.org.uk/
https://www.millenniumassessment.org/documents/document.355.aspx.pdf
https://population.un.org/wup/assets/WUP2018-KeyFacts.pdf
https://doi.org/10.1002/9781118387924
https://circulareconomy.europa.eu/platform/sites/default/files/2024-09/2024-09-19-how-the-circular-economy-can-revive-the-sdgs-schr%C3%B6der-barrie.pdf
https://circulareconomy.europa.eu/platform/sites/default/files/2024-09/2024-09-19-how-the-circular-economy-can-revive-the-sdgs-schr%C3%B6der-barrie.pdf
https://www.ipbes.net/events/ipbes-ipcc-co-sponsored-workshop-biodiversity-and-climate-change
https://www.ipbes.net/events/ipbes-ipcc-co-sponsored-workshop-biodiversity-and-climate-change
http://creativecommons.org/licenses/by/4.0/
https://link.springer.com/book/10.1007/978-3-031-29515-7
https://ukgbc.org/wp-content/uploads/2020/08/Nature-based-solutions-to-the-climate-emergency.pdf
https://ukgbc.org/wp-content/uploads/2020/08/Nature-based-solutions-to-the-climate-emergency.pdf
https://www.sustainableni.org/case-study/green-roofs-and-vertical-gardens-%E2%80%93-nature-based-solutions-climate-change-urban-context
https://www.sustainableni.org/case-study/green-roofs-and-vertical-gardens-%E2%80%93-nature-based-solutions-climate-change-urban-context
https://sedumgreenroof.co.uk/benefits-of-green-roofs/

Sustainable Built Environment Conference 2025 Zurich IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1554 (2025) 012012 doi:10.1088/1755-1315/1554/1/012012

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Gill S, Handley ], Ennos A, Pauleit S. Adapting cities for climate change: The role of the green infrastructure.
Built Environ. 2007;33(1):115-133. doi:10.2148/benv.33.1.115.

Benedict MA, McMahon E. Green infrastructure: linking landscapes and communities. 2006. Available from:
http://cinii.ac.jp/ncid/BA81210353.

Bruton M. The importance of retrofit in the United Kingdom - energy trust [Internet]. Energy Trust. 2023.
Available from: https://energy-trust.co.uk/the-importance-of-retrofit-in-the-united-kingdom/.

Olivia. What is Retrofit & Why is it Important? [Internet]. Building Energy Experts. 2024. Available from:
https://buildingenergyexperts.co.uk/resources/what-is-retrofit/.

Admin-Digibean. The importance of retrofitting buildings to improve energy efficiency | Hebs Group
[Internet]. Hebs Group. 2023. Available from: https://hebs-group.co.uk/the-importance-of-retrofitting-
buildings-to-improve-energy-efficiency/.

Stovin V. The potential of green roofs to manage Urban Stormwater. Water and Environment Journal
[Internet]. 2009 May 12;24(3):192-9. Available from: https://doi.org/10.1111/j.1747-6593.2009.00174 x.
Shafique M, Xue X, Luo X. An overview of carbon sequestration of green roofs in urban areas. Urban Forestry
& Urban Greening [Internet]. 2019 Nov 5;47:126515. Available from:
https://doi.org/10.1016/j.ufug.2019.126515.

Getter KL, Rowe DB, Robertson GP, Cregg BM, Andresen JA. Carbon sequestration potential of extensive
green roofs. Environ Sci Technol. 2009;43(19):7564-7570. Available from:
https://doi.org/10.1021/es901539x.

Teotoénio I, Silva CM, Cruz CO. Eco-solutions for urban environments regeneration: The economic value of
green roofs. J Clean Prod. 2018;199:121-135. Available from:
https://doi.org/10.1016/j.jclepro.2018.07.084.

Rider Levett Bucknall. Circular Economy in Construction: A Strategic Pathway to Net Zero - RLB | Europe
[Internet]. RLB | Europe. 2024. Available from: https://www.rlb.com/europe/insight/circular-economy-in-
construction-a-strategic-pathway-to-net-zero/.

Maggiani V. Report reveals circular retrofitting could unlock a $3.9 trillion global market - UK Construction
Online [Internet]. UK Construction Online. 2025. Available from:
https://www.ukconstructionmedia.co.uk/news/report-reveals-circular-retrofitting-could-unlock-a-3-9-
trillion-global-market/.

Wheeler K. Construction Materials Circularity the key to Sustainability. Construction Digital [Internet].
2024; Available from: https://constructiondigital.com/sustainability-green-building/mckinsey-material-
circularity-adapting-construction-sector.

Kader S, Chadalavada S, Jaufer L, Spalevic V, Dudic B. Green roof substrates—A literature review. Front Built
Environ. 2022;8. d0i:10.3389/fbuil.2022.1019362.

Pjh.Admin. PJH ECO SERIES: GREEN ROOF RETROFIT TO EXISTING DWELLINGS - PJH Architectural Services
[Internet]. PJH Architectural Services. 2023. Available from:
https://pjharchitecturalservices.co.uk/portfolio-item/green-roof-retrofit/.

Massini P, Harris M, Talman ], Blanche Cameron, Livingroofs.org, GRO, et al. UK Green Roof Market Report
[Internet]. Available from: https://livingroofs.org/wp-content/uploads/2017/08/AUG FINAL GREEN-
ROOF-MARKET-REPORT.pdf.

European Federation of Green Roofs and Walls. 2015 White Paper [Internet]. 2015. Available from:
https://efb-greenroof.eu/wp-content/uploads/2016/12 /efb whitepaper 2015.pdf.

Green Roof Market Size, Growth, Trends and Report [Internet]. [cited 2025 Apr 25]. Available from:
https://www.imarcgroup.com/green-roof-market.

Thea. How cities are using nature-based solutions for sustainable urban development - ICLEI [Internet].
ICLEL 2017. Available from: https://cbc.iclei.org/cities-using-nature-based-solutions-sustainable-urban-
development/.

Naicker S, WBHO Construction, BPH Engineers. Green roof retrofitting: A study into the structural
implications associated with green roof retrofits. [Thesis]. University of KwaZulu-Natal; 2017. Available
from: https://core.ac.uk/download/pdf/288926277.pdf.

Pimentel M, Arantes A, Cruz CO. Barriers to the adoption of reverse logistics in the construction industry: A
combined ISM and MICMAC approach. Sustainability. 2022 Nov 27;14(23):15786. Available from:
https://doi.org/10.3390/su142315786.

Mandal A, Deshmukh SG. Vendor selection using Interpretive Structural Modelling (ISM). International
Journal of Operations & Production Management. 1994 Jun 1;14(6):52-9. Available from:
https://doi.org/10.1108/01443579410062086.

10


http://ci.nii.ac.jp/ncid/BA81210353
https://energy-trust.co.uk/the-importance-of-retrofit-in-the-united-kingdom/
https://buildingenergyexperts.co.uk/resources/what-is-retrofit/
https://hebs-group.co.uk/the-importance-of-retrofitting-buildings-to-improve-energy-efficiency/
https://hebs-group.co.uk/the-importance-of-retrofitting-buildings-to-improve-energy-efficiency/
https://doi.org/10.1111/j.1747-6593.2009.00174.x
https://doi.org/10.1016/j.ufug.2019.126515
https://doi.org/10.1021/es901539x
https://doi.org/10.1016/j.jclepro.2018.07.084
https://www.rlb.com/europe/insight/circular-economy-in-construction-a-strategic-pathway-to-net-zero/
https://www.rlb.com/europe/insight/circular-economy-in-construction-a-strategic-pathway-to-net-zero/
https://www.ukconstructionmedia.co.uk/news/report-reveals-circular-retrofitting-could-unlock-a-3-9-trillion-global-market/
https://www.ukconstructionmedia.co.uk/news/report-reveals-circular-retrofitting-could-unlock-a-3-9-trillion-global-market/
https://constructiondigital.com/sustainability-green-building/mckinsey-material-circularity-adapting-construction-sector
https://constructiondigital.com/sustainability-green-building/mckinsey-material-circularity-adapting-construction-sector
https://pjharchitecturalservices.co.uk/portfolio-item/green-roof-retrofit/
https://livingroofs.org/wp-content/uploads/2017/08/AUG_FINAL_GREEN-ROOF-MARKET-REPORT.pdf
https://livingroofs.org/wp-content/uploads/2017/08/AUG_FINAL_GREEN-ROOF-MARKET-REPORT.pdf
https://efb-greenroof.eu/wp-content/uploads/2016/12/efb_whitepaper_2015.pdf
https://cbc.iclei.org/cities-using-nature-based-solutions-sustainable-urban-development/
https://cbc.iclei.org/cities-using-nature-based-solutions-sustainable-urban-development/
https://core.ac.uk/download/pdf/288926277.pdf
https://doi.org/10.3390/su142315786
https://doi.org/10.1108/01443579410062086

