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Biophilic Architecture for Achieving Sustainable Development Goals: A Critical Review

Abstract


Biophilic architecture, which emphasizes the connection between humans and nature, is gaining recognition as a viable approach to sustainable design. By incorporating natural elements into built environments, it aims to enhance human well-being while improving environmental performance. This review explores the potential of biophilic design in relation to the Sustainable Development Goals (SDGs), revealing that it significantly supports environmental, social, and economic sustainability, particularly in health, climate action, and biodiversity conservation. Methodologically, the study adopts a structured narrative review approach, synthesizing existing literature from peer-reviewed journals, books, and international reports. Relevant studies were identified through academic databases using keywords related to biophilic design, sustainable architecture, and SDGs. The selected literature was systematically analysed and categorized based on thematic areas, including environmental, social, and economic dimensions, as well as their alignment with specific SDGs. A comparative and integrative analysis was employed to evaluate the strengths, limitations, and practical implications of various biophilic design strategies.

Research indicates that biophilic design effectively addresses key sustainability challenges in architecture. By aligning its benefits with specific sustainability issues, the role of biophilic design in achieving the SDGs becomes clearer. It notably supports SDG 3 (Good Health and Well-being) and SDG 13 (Climate Action), while also contributing to several other goals, including SDGs 4, 7, 8, 9, 11, 12, 15, and 17. Additionally, it offers indirect benefits to SDGs 1, 2, 5, 6, 10, 14, and 16. Despite its numerous advantages, such as improved mental health, stress reduction, enhanced urban resilience, and better environmental quality, biophilic architecture faces challenges. These include complexities in implementation, a lack of standardized frameworks, conceptual ambiguities, and the potential for superficial applications or "greenwashing." To maximize the effectiveness of biophilic design in promoting sustainable development, there is a pressing need for integrative, evidence-based approaches and robust evaluation methods. Biophilic architecture presents a significant opportunity as an innovative and transformative strategy in contemporary architecture, contributing to greener environments and enhancing human well-being and quality of life.
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Introduction


Rapid urbanization, climate change, and environmental degradation have intensified the need for sustainable approaches in the design and development of the built environment. The construction sector significantly contributes to global energy consumption, greenhouse gas emissions, and resource depletion, thereby posing serious challenges to ecological balance and human well-being (United Nations Environment Programme, 2020). In response, the concept of sustainable development has gained global prominence, particularly through the framework of the United Nations Sustainable Development Goals (SDGs), which provide a comprehensive roadmap for addressing environmental, social, and economic challenges in an integrated manner (United Nations, 2015).

Amid these concerns, biophilic architecture has emerged as an innovative and nature-based approach that seeks to reconnect humans with the natural environment within built spaces. Rooted in the concept of biophilia—the innate human affinity for nature—this design philosophy was popularized by Edward O. Wilson (1984) and later expanded in architectural contexts (Kellert et al., 2008). It emphasizes the incorporation of natural elements, processes, and patterns into architectural practice. Unlike conventional green building approaches that primarily focus on energy efficiency and resource conservation, biophilic architecture extends beyond technical performance to address psychological, physiological, and emotional well-being (Kellert, 2018; Browning et al., 2014).

A growing body of research has demonstrated that biophilic design can significantly enhance indoor environmental quality, reduce stress, improve cognitive performance, and promote overall health and productivity (Gillis & Gatersleben, 2015; Yin et al., 2020). At the same time, it contributes to environmental sustainability by supporting biodiversity, improving air quality, mitigating urban heat island effects, and enhancing climate resilience (Beatley, 2017; Xue et al., 2019). These multidimensional benefits position biophilic architecture as a potentially powerful tool for advancing several SDGs, particularly those related to health (SDG 3), sustainable cities (SDG 11), climate action (SDG 13), and life on land (SDG 15).

Despite its promising potential, the application of biophilic architecture faces several critical challenges. The concept itself lacks a universally accepted definition and standardized framework, leading to inconsistencies in interpretation and implementation (Oliveira & Mell, 2019). In many cases, biophilic design is reduced to the superficial addition of greenery without meaningful ecological integration, raising concerns about “greenwashing” (Söderlund & Newman, 2017). Furthermore, economic constraints, technical complexities, and limited empirical evidence in certain contexts hinder its widespread adoption, especially in developing regions (Mangone et al., 2020).

Given these opportunities and limitations, there is a need for a comprehensive and critical evaluation of biophilic architecture in relation to sustainable development. This review aims to synthesize existing literature to examine how biophilic design contributes to the achievement of the SDGs, identify key design strategies, and analyze its benefits and limitations. By doing so, the study seeks to provide a clearer understanding of its role as a holistic and evidence-based approach to sustainable architecture and to highlight directions for future research and practice.

Concept of Biophilic Architecture
Biophilic design refers to the deliberate integration of natural elements and processes into the built environment with the aim of enhancing human health, well-being, and overall environmental quality. The concept is rooted in the biophilia hypothesis proposed by Edward O. Wilson (1984), which suggests that humans possess an inherent affinity for nature. In architectural practice, this concept has been further developed to emphasize the incorporation of ecological and experiential dimensions of nature into design (Kellert et al., 2008; Kellert, 2018).

Biophilic design can be broadly categorized into three primary dimensions:

1. Direct experience of nature

This includes physical and sensory contact with natural elements such as plants, water features, natural light, fresh air, and landscapes. These elements help reduce stress, improve mood, and enhance physiological functioning (Browning et al., 2014; Gillis & Gatersleben, 2015). 

2. Indirect experience of nature

This involves the use of natural materials (wood, stone), colors, textures, and biomorphic forms that mimic natural patterns. Such elements evoke nature symbolically and contribute to psychological comfort and aesthetic satisfaction (Kellert, 2018). 

3. Spatial and psychological connections to nature

This dimension focuses on spatial configurations that create meaningful human–nature relationships, including visual connections (views of greenery), prospect and refuge conditions, complexity, and organized variability. These features influence cognitive performance, creativity, and emotional well-being (Browning et al., 2014; Ryan et al., 2014). 

Importantly, biophilic architecture extends beyond the mere addition of vegetation or green elements within buildings. It encompasses a holistic approach that integrates sensory, ecological, and symbolic relationships with nature, ensuring that built environments function as dynamic systems that support both human and environmental health (Kellert et al., 2008; Söderlund & Newman, 2017). This broader perspective distinguishes biophilic design from conventional green or sustainable building practices, positioning it as a multidimensional strategy for enhancing resilience and sustainability in the built environment.

 Link between Biophilic Architecture and Sustainable Development Goals (SDGs)
Biophilic architecture contributes to multiple Sustainable Development Goals (SDGs) through integrated environmental, social, and human-centered design strategies. By incorporating natural elements and ecological processes into built environments, it not only enhances human well-being but also improves environmental performance and urban resilience. The multidimensional benefits of biophilic design align strongly with global sustainability targets outlined by the United Nations (2015).

Strongly Supported SDGs

1. SDG 3: Good Health and Well-being
Biophilic architecture plays a significant role in promoting human health and well-being by facilitating direct and indirect interactions with nature. Exposure to natural elements such as daylight, vegetation, and water features has been shown to reduce stress, improve mood, enhance cognitive performance, and increase overall productivity (Gillis & Gatersleben, 2015; Yin et al., 2020). Natural ventilation and improved indoor air quality further contribute to physical health outcomes. Studies indicate that biophilic environments can lower blood pressure, reduce mental fatigue, and support faster recovery in healthcare settings (Ulrich, 1984; Browning et al., 2014). Thus, biophilic design directly supports SDG 3 by fostering healthier and more restorative built environments.

2. SDG 13: Climate Action
Biophilic architecture also contributes substantially to climate change mitigation and adaptation strategies. The integration of green infrastructure, such as green roofs, vertical gardens, and urban forests, helps reduce urban heat island effects and improves microclimatic conditions (Beatley, 2017; Bowler et al., 2010). Vegetation incorporated into buildings and urban spaces enhances carbon sequestration and reduces greenhouse gas concentrations. Additionally, biophilic design promotes climate-responsive strategies such as passive cooling, natural ventilation, and daylight optimization, which significantly reduce energy consumption and associated emissions (Mangone et al., 2020). These features align closely with SDG 13 by enhancing resilience to climate impacts while contributing to mitigation efforts.

Moderately Supported SDGs
Biophilic architecture contributes to several Sustainable Development Goals (SDGs) through indirect yet substantial impacts on environmental performance, urban livability, and socio-economic outcomes. By integrating natural systems into the built environment, it enhances ecological functions while supporting human-centered development aligned with the goals of the United Nations (2015).

1. SDG 11: Sustainable Cities and Communities
Biophilic architecture promotes the development of sustainable and resilient urban environments by integrating green infrastructure such as parks, green roofs, urban forests, and water-sensitive design. These interventions improve urban livability, reduce pollution, and enhance resilience to climate-related risks, including flooding and heat stress (Beatley, 2017; Newman, 2014). Additionally, access to green spaces has been linked to improved social cohesion and quality of life, making cities more inclusive and sustainable (Kabisch et al., 2017).

2. SDG 15: Life on Land
Biophilic design supports biodiversity conservation within urban environments by incorporating habitat features such as green roofs, vertical gardens, and native vegetation. These elements create ecological niches for flora and fauna, contributing to urban ecosystem restoration and connectivity (Goddard et al., 2010; Kowarik, 2011). By enhancing urban biodiversity, biophilic architecture aligns with SDG 15, which emphasizes the protection, restoration, and sustainable use of terrestrial ecosystems.

3. SDG 7 & SDG 12: Affordable and Clean Energy / Responsible Consumption and Production
Biophilic architecture encourages resource-efficient design strategies that reduce energy demand and promote sustainable material use. Passive design techniques such as natural ventilation, daylighting, and thermal regulation decrease reliance on mechanical systems, thereby lowering energy consumption (Mangone et al., 2020). Furthermore, the use of renewable, locally sourced, and non-toxic materials supports responsible production and consumption patterns (Kellert, 2018), contributing to both SDG 7 and SDG 12.

4. SDG 4 & SDG 8: Quality Education / Decent Work and Economic Growth
Biophilic environments have been shown to enhance cognitive performance, creativity, and overall well-being in educational and workplace settings. Exposure to natural elements in schools improves students’ concentration, learning outcomes, and emotional health (Barrett et al., 2015). Similarly, in office environments, biophilic design increases employee productivity, job satisfaction, and reduces absenteeism (Browning et al., 2014). These benefits contribute to improved educational quality and economic productivity, aligning with SDG 4 and SDG 8.

Indirect Contributions to SDGs
In addition to its direct and moderate contributions, biophilic architecture also supports several Sustainable Development Goals (SDGs) indirectly by fostering social inclusion, food security, and collaborative governance. These contributions, though less explicit, are essential for achieving holistic and integrated sustainable development as outlined by the United Nations (2015).

1. SDG 2: Zero Hunger
Biophilic architecture contributes indirectly to food security through the integration of urban agriculture systems such as rooftop gardens, vertical farming, and community green spaces. These interventions enable local food production, improve access to fresh and nutritious food, and enhance urban resilience to food supply disruptions (Despommier, 2010; Specht et al., 2014). Moreover, urban agriculture promotes sustainable land use practices and strengthens community engagement, thereby supporting the objectives of SDG 2.

2. SDG 10: Reduced Inequalities
By incorporating accessible green spaces into urban design, biophilic architecture helps reduce social and spatial inequalities. Equitable access to parks, green corridors, and nature-based environments has been associated with improved physical and mental health outcomes across diverse socio-economic groups (Wolch et al., 2014; Jennings et al., 2016). Inclusive biophilic design ensures that the benefits of nature are distributed more fairly within cities, thereby contributing to SDG 10 by promoting social equity and well-being.

3. SDG 17: Partnerships for the Goals
The successful implementation of biophilic architecture requires interdisciplinary collaboration among architects, urban planners, ecologists, policymakers, and community stakeholders. Such collaborative approaches foster knowledge sharing, innovation, and integrated solutions for sustainable development (Beatley, 2017). By encouraging partnerships across sectors and disciplines, biophilic design aligns with SDG 17, which emphasizes the importance of cooperation in achieving sustainability goals.

Key Biophilic Design Strategies
Biophilic architecture employs a range of design strategies that integrate natural systems and processes into the built environment. These strategies operate across environmental, spatial, and material dimensions, collectively enhancing ecological performance while improving human health and well-being. As nature-based solutions, they contribute to sustainable and resilient design by aligning built environments with natural processes (Beatley, 2017; Kellert, 2018).

1. Environmental Strategies
Environmental strategies focus on incorporating natural elements and ecological processes to improve building performance and environmental quality. Key approaches include natural ventilation and daylight optimization, which reduce energy consumption while enhancing indoor comfort and occupant health (Mangone et al., 2020). The use of green roofs, living walls, and water features helps regulate microclimates, mitigate urban heat island effects, and improve air quality (Bowler et al., 2010; Oberndorfer et al., 2007). Furthermore, integrating ecosystems within built spaces—such as urban forests, wetlands, and biodiversity corridors—supports ecological balance and enhances urban resilience (Beatley, 2017).

2. Spatial Strategies
Spatial strategies emphasize the configuration and organization of spaces to foster meaningful human–nature interactions. Visual connections to nature, such as views of greenery, landscapes, or water bodies, have been shown to reduce stress and improve cognitive functioning (Ulrich, 1984; Gillis & Gatersleben, 2015). The incorporation of “prospect and refuge” conditions—where individuals experience both openness and protection—enhances psychological comfort and a sense of security (Browning et al., 2014). Additionally, the use of complex, organic spatial forms that mimic natural patterns promotes creativity, engagement, and aesthetic appreciation (Ryan et al., 2014).

3. Material Strategies
Material strategies focus on the selection and application of materials that reflect natural characteristics and support sustainability. The use of natural, non-toxic, and locally sourced materials such as wood, bamboo, and stone reduces environmental impact and enhances indoor environmental quality (Kellert, 2018). Biomimicry and nature-inspired design patterns, which replicate forms, processes, and systems found in nature, further strengthen the connection between humans and their environment while improving functional efficiency (Benyus, 1997; Pawlyn, 2011).

Overall, these biophilic design strategies function as effective nature-based solutions, simultaneously improving ecological performance and human experience. By integrating environmental, spatial, and material dimensions, biophilic architecture offers a holistic framework for sustainable and regenerative design.

Benefits of Biophilic Architecture
Biophilic architecture offers a wide range of environmental, social, and economic benefits by integrating natural systems into the built environment. These interconnected advantages position biophilic design as a holistic and multi-benefit approach to addressing contemporary sustainability challenges (Beatley, 2017; Kellert, 2018).

Environmental Benefits
Biophilic design contributes significantly to environmental sustainability by improving resource efficiency and ecological performance. The incorporation of natural ventilation, daylighting, and passive design strategies reduces energy consumption and dependence on mechanical systems (Mangone et al., 2020). Vegetation elements such as green roofs, living walls, and urban greenery enhance air quality by filtering pollutants and increasing oxygen levels (Nowak et al., 2006). Additionally, the integration of habitat features supports urban biodiversity by providing shelter and food sources for various species, thereby contributing to ecosystem restoration and resilience (Goddard et al., 2010).

Social Benefits
Biophilic architecture has profound impacts on human health and well-being. Exposure to natural elements has been shown to reduce stress, improve mood, and enhance overall physical and mental health (Gillis & Gatersleben, 2015). In workplaces and educational environments, biophilic design improves concentration, creativity, and cognitive performance, leading to increased productivity (Browning et al., 2014; Yin et al., 2020). Furthermore, by fostering meaningful connections with nature, it strengthens individuals’ sense of place and environmental awareness, promoting more sustainable behaviors (Kellert, 2018).

Economic Benefits
From an economic perspective, biophilic architecture provides both direct and indirect financial advantages. Properties incorporating biophilic elements often experience increased market value and attractiveness due to improved aesthetics and occupant satisfaction (Beatley, 2017). Enhanced indoor environments contribute to reduced healthcare costs by improving occupant health and well-being (Terrapin Bright Green, 2012). Moreover, increased workplace efficiency and reduced absenteeism result in significant productivity gains for organizations (Browning et al., 2014).

Overall, biophilic design is recognized as a multi-benefit approach that simultaneously addresses environmental sustainability, human well-being, and economic performance. Its integrative nature makes it a powerful strategy for tackling complex sustainability challenges in the built environment.

Critical Analysis and Limitations
Despite the growing recognition of biophilic architecture as a sustainable design approach, several conceptual, practical, and methodological challenges limit its widespread adoption and effectiveness. A critical evaluation of these limitations is essential to ensure its meaningful integration into sustainable development frameworks.

1. Conceptual Ambiguity
One of the primary challenges in biophilic architecture is the lack of a universally accepted definition and clear conceptual boundaries. The term “biophilic design” is often interpreted differently across disciplines, leading to inconsistencies in its application and evaluation (Kellert et al., 2008; Söderlund & Newman, 2017). Multiple frameworks and design guidelines—such as pattern-based approaches and experience-based classifications—further contribute to confusion among practitioners and researchers (Browning et al., 2014). This ambiguity makes it difficult to establish standardized design principles and limits comparability across studies.

2. Risk of Greenwashing
Biophilic architecture is increasingly at risk of being reduced to superficial or symbolic applications, commonly referred to as “greenwashing.” In many cases, the mere addition of plants or green elements is presented as biophilic design without meaningful ecological integration or performance benefits (Söderlund & Newman, 2017). Such practices undermine the credibility of biophilic architecture and shift the focus from functional sustainability to aesthetic enhancement. This misinterpretation can dilute the transformative potential of biophilic design and hinder its contribution to sustainability goals.

3. Economic and Technical Constraints
The implementation of biophilic architecture often involves higher initial costs due to the incorporation of specialized design elements, materials, and technologies. Green roofs, living walls, and water features require careful planning, skilled labor, and ongoing maintenance, which can increase lifecycle costs (Oberndorfer et al., 2007; Mangone et al., 2020). Additionally, limited technical expertise and lack of awareness, particularly in developing regions, pose significant barriers to adoption. These constraints may discourage stakeholders from investing in biophilic solutions despite their long-term benefits.

4. Lack of Standardized Metrics
Another critical limitation is the absence of standardized tools and metrics for evaluating the performance and benefits of biophilic design. While frameworks such as LEED and WELL certification systems address certain aspects of sustainability and well-being, they do not comprehensively capture the multidimensional impacts of biophilic architecture (Mangone et al., 2020). The difficulty in quantifying outcomes such as psychological well-being, productivity, and ecological value further complicates assessment and validation. This gap highlights the need for robust, evidence-based evaluation methods that can support decision-making and policy development.

Research Gaps and Future Directions
Despite the increasing interest in biophilic architecture, several research gaps remain that limit its effective implementation and scalability. Addressing these gaps is essential to fully realize the potential of biophilic design in achieving sustainable development outcomes.

1. Development of Quantitative Evaluation Frameworks
One of the most significant research gaps lies in the lack of robust and standardized quantitative evaluation frameworks for assessing the performance of biophilic design. While existing studies highlight qualitative benefits such as improved well-being and environmental quality, there is limited empirical evidence supported by measurable indicators. There is a need to establish standardized performance indicators for biophilic elements, such as quantifiable thresholds for green cover, daylight access, and ventilation rates, to ensure consistency in evaluation (Mangone et al., 2020). Future research should focus on developing comprehensive metrics that integrate environmental, social, and economic parameters, enabling better comparison, validation, and policy integration.

2. Integration with Smart and Resilient Urban Systems
The integration of biophilic architecture with smart technologies and resilient urban systems remains underexplored. Combining nature-based solutions with digital tools such as sensors, data analytics, and smart infrastructure can enhance building performance, resource efficiency, and climate adaptability. There is a need to develop integrated smart–biophilic systems where real-time sensor data can regulate environmental conditions such as lighting, ventilation, and irrigation in response to natural elements, thereby optimizing both human comfort and ecological performance (Bibri & Krogstie, 2017). Future studies should investigate how biophilic design can be aligned with smart city frameworks to create adaptive, responsive, and resilient urban environments.

3. Focus on Climate-Specific Design Strategies
Biophilic design approaches are often generalized without adequate consideration of regional climatic conditions. However, the effectiveness of strategies such as natural ventilation, vegetation selection, and water features varies significantly across climates. Climate-responsive biophilic design should incorporate region-specific vegetation, prioritizing native and drought-resistant species in arid regions and high-transpiration species in tropical climates to enhance ecological compatibility and reduce maintenance needs (Kellert, 2018). There is a need for context-specific research that develops climate-responsive biophilic design guidelines tailored to different geographic regions, particularly in tropical, arid, and temperate zones.

4. Greater Emphasis on Policy and Governance Frameworks
The role of policy, governance, and institutional support in promoting biophilic architecture is currently limited. Although sustainability policies exist, they rarely incorporate explicit guidelines for biophilic design. There is a need to develop dedicated policy frameworks that explicitly recognize biophilic architecture as a key component of sustainable urban development, rather than treating it as a subset of general green building practices (Beatley, 2017). Future research should explore policy integration, regulatory frameworks, and incentive mechanisms that encourage the adoption of biophilic principles at local, national, and global levels.

5. Expansion in Developing Countries
Most research and implementation of biophilic architecture have been concentrated in developed countries, with limited studies in developing regions. Challenges such as economic constraints, lack of technical expertise, and inadequate awareness hinder its adoption in these contexts. There is a need to prioritize low-cost and resource-efficient biophilic strategies, such as the use of locally available materials, passive design techniques, and community-based green spaces, to enhance feasibility in developing regions (Mangone et al., 2020). Future research should focus on low-cost, locally adapted, and scalable biophilic solutions that address the socio-economic and environmental needs of developing countries.

Conclusion
Biophilic architecture represents a holistic and forward-looking approach to sustainable design, offering a meaningful pathway toward achieving the Sustainable Development Goals (SDGs). By integrating natural elements, ecological processes, and human-centered design principles, it effectively bridges the gap between environmental sustainability and human well-being. Unlike conventional design approaches that often address isolated aspects of sustainability, biophilic architecture provides a multidimensional framework capable of simultaneously contributing to environmental conservation, social equity, and economic efficiency.

This review demonstrates that biophilic design strongly supports key SDGs, particularly those related to health and well-being, climate action, sustainable cities, and biodiversity conservation. The analysis highlights that specific biophilic practices—such as green roofs, vertical greening systems, passive ventilation, daylight optimization, and the use of natural materials—play a crucial role in enhancing indoor environmental quality, reducing stress, and improving cognitive performance. At the same time, these practices contribute to climate resilience, energy efficiency, and ecological restoration through mechanisms such as urban heat island mitigation, carbon sequestration, and improved resource efficiency. Furthermore, the integration of urban agriculture, green infrastructure, and community-based natural spaces reinforces indirect contributions to food security, social inclusion, and collaborative governance.

However, despite its considerable potential, the analysis reveals several critical limitations that hinder the effective implementation of biophilic architecture. Conceptual ambiguity and the absence of standardized frameworks result in inconsistent interpretation and application across contexts. The risk of superficial implementation or “greenwashing” further undermines its credibility, particularly when biophilic elements are applied without functional or ecological integration. Additionally, economic and technical constraints, especially in developing regions, limit its scalability. The lack of robust quantitative evaluation frameworks and measurable performance indicators remains a significant barrier to validating its impacts and integrating it into policy and certification systems.

From a methodological perspective, this review underscores the need for more systematic and evidence-based approaches in assessing biophilic architecture. Future research should adopt structured review methodologies, integrate both qualitative and quantitative data, and employ comparative and longitudinal analyses to establish clearer cause–effect relationships between biophilic interventions and sustainability outcomes. The development of standardized metrics, supported by advanced tools such as sensor-based monitoring and data analytics, will be essential for improving the reliability and comparability of findings.

To fully realize its transformative potential, there is a pressing need to move beyond aesthetic interpretations toward scientifically grounded and context-sensitive applications. Greater emphasis should be placed on climate-responsive design strategies tailored to regional conditions, particularly in tropical and resource-constrained environments. The integration of biophilic principles with smart technologies and resilient urban systems also presents new opportunities for adaptive and data-driven design. Furthermore, supportive policy frameworks, institutional mechanisms, and financial incentives are essential to promote widespread adoption.

In conclusion, biophilic architecture holds significant promise as an innovative and integrative approach to sustainable development. When implemented through well-defined frameworks, supported by empirical evidence, and adapted to local contexts, it has the potential to redefine the relationship between humans and the built environment. By fostering healthier, more resilient, and ecologically balanced communities, biophilic architecture can serve as a vital design paradigm for addressing the complex challenges of urbanization, climate change, and human well-being, ultimately contributing to a sustainable and regenerative future.
Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.
References 

1. Barrett, P., Davies, F., Zhang, Y., & Barrett, L. The impact of classroom design on pupils’ learning. Building and Environment. 2015;89, 118–133. 

2. Beatley, T. Handbook of biophilic city planning & design. Island Press. 2017

3. Benyus, J. M. Biomimicry: Innovation inspired by nature. HarperCollins. 1997.

4. Bibri, S. E., & Krogstie, J. Smart sustainable cities of the future. Sustainable Cities and Society. 2017;31, 183–212. 

5. Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin, A. S. Urban greening to cool towns and cities: A systematic review. Landscape and Urban Planning. 2010; 97(3), 147–155. 

6. Browning, W. D., Ryan, C. O., & Clancy, J. O.  14 patterns of biophilic design. Terrapin Bright Green. 2014.

7. Despommier, D. The vertical farm: Feeding the world in the 21st century. Thomas Dunne Books. 2010.

8. Gillis, K., & Gatersleben, B. A review of psychological literature on the health and well-being benefits of biophilic design. Buildings, 2015; 5(3), 948–963. 

9. Goddard, M. A., Dougill, A. J., & Benton, T. G. Scaling up from gardens: Biodiversity conservation in urban environments. Trends in Ecology & Evolution, 2010; 25(2), 90–98. 

10. Jennings, V., Larson, L., & Yun, J. Advancing sustainability through urban green space. International Journal of Environmental Research and Public Health, 2016;13(2), 196. 

11. Kabisch, N., Korn, H., Stadler, J., & Bonn, A. Nature-based solutions to climate change adaptation in urban areas. Springer. 2017.

12. Kellert, S. R. Nature by design: The practice of biophilic design. Yale University Press. 2018.

13. Kellert, S. R., Heerwagen, J., & Mador, M. Biophilic design: The theory, science and practice of bringing buildings to life. Wiley. 2008.

14. Kowarik, I.  Novel urban ecosystems and biodiversity. Environmental Pollution, 2011;159(8–9), 1974–1983. 

15. Mangone, G., Caputo, P., & Costa, G. Towards a biophilic approach for energy-efficient buildings. Sustainable Cities and Society, 2020;60, 102256. 

16. Newman, P. Biophilic urbanism: A case study on Singapore. Australian Planner, 2014;51(1), 47–65. 

17. Nowak, D. J., Crane, D. E., & Stevens, J. C. Air pollution removal by urban trees. Environmental Pollution, 2006;116(3), 381–389. 

18. Oberndorfer, E., et al. Green roofs as urban ecosystems. Bio Science, 2007;57(10), 823–833. 

19. Oliveira, S., & Mell, I. Biophilic design: A review of concepts and practices. Urban Forestry & Urban Greening. 2019;43, 126384. 

20. Pawlyn, M. Biomimicry in architecture. RIBA Publishing. 2011.

21. Ryan, C. O., Browning, W. D., Clancy, J. O., Andrews, S. L., & Kallianpurkar, N. B. Biophilic design patterns: Emerging nature-based parameters for health and well-being in the built environment. International Journal of Architectural Research, 2014; 8(2), 62–76. 

22. Söderlund, J., & Newman, P. Biophilic architecture: A review of the rationale and outcomes. AIMS Environmental Science.2017;4(6), 950–969. 

23. Specht, K., Siebert, R., Hartmann, I., et al. (2014). Urban agriculture of the future. Sustainability. 2014;6(7), 4497–4523. 

24. Terrapin Bright Green. The economics of biophilia. 2012.

25. Ulrich, R. S. View through a window may influence recovery from surgery. Science, 1984;224(4647), 420–421. 

26. United Nations Environment Programme (UNEP). Global status report for buildings and construction. 2020.

27. United Nations. Transforming our world: The 2030 Agenda for Sustainable Development. 2015.

28. Wilson, E. O. Biophilia. Harvard University Press. 1984.

29. Wolch, J. R., Byrne, J., & Newell, J. P. Urban green space, public health, and environmental justice. Landscape and Urban Planning, 2014;125, 234–244. 

30. Xue, F., Gou, Z., & Lau, S. S. Y. The green open space development model and its implications. Urban Forestry & Urban Greening. 2019;41, 126–135. 

31. Yin, J., Zhu, S., MacNaughton, P., Allen, J. G., & Spengler, J. D. Physiological and cognitive performance of exposure to biophilic indoor environment. Building and Environment. 2020;132, 255–262.

32. Yin, J., Zhu, S., MacNaughton, P., Allen, J. G., & Spengler, J. D. Physiological and cognitive performance of exposure to biophilic indoor environments. Building and Environment.2020;132, 255–262.


