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Abstract: Coastal zones are vital ecological and economic resources globally, offering rich biodiversity, supporting livelihoods, and 

acting as natural buffers against climate - related disasters. However, these fragile ecosystems face threats from unsustainable 

development, including unregulated tourism - related infrastructure. Temporary structures play a critical role in supporting tourism while 

minimizing permanent impacts. This paper explores sustainable materials such as bamboo, FSC - certified timber, geotextiles, recycled 

steel, and mycelium composites for temporary structures in Coastal Regulation Zones (CRZs). The research highlights the unique 

challenges faced by states like Goa, where the tourism sector not only contributes significantly to the economy but also places immense 

pressure on coastal ecosystems. With millions of visitors each year, Goa's demand for temporary structures necessitates a careful approach 

to construction that respects ecological balances. By focusing on sustainable materials and practices, this study aims to reduce 

environmental impact while providing flexible solutions that accommodate seasonal tourism. Supporting this exploration, an analysis of 

India's CRZ regulations is provided, alongside international examples from Bali, Indonesia; the Maldives; and Scotland, which delve 

into best practices for balancing tourism development and environmental protection. By integrating global insights, innovative materials, 

and local legal contexts, this comprehensive review offers a roadmap for sustainable development in coastal areas using structures that 

are both ecologically sound and economically viable. Visuals, including maps and material illustrations, enhance the reader's 

understanding of sustainable construction approaches in fragile coastal ecosystems. Ultimately, this research aims to empower 

communities, promote disaster resilience, and support responsible tourism growth that aligns with the environmental and socio - cultural 

values of Goa and similar coastal regions.  
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1. Introduction 
 

1.1 Importance of Coastal Zones 

 

Coastal zones are home to approximately 40% of the world’s 

population, amounting to over 3 billion people living within 

100 kilometers of coastlines (UNEP - WCMC, 2022). This 

demographic concentration highlights the economic, social, 

and cultural significance of coastal areas, as they provide 

essential resources and services for a vast number of 

communities. These regions are not only critical for their 

inhabitants but also for their role in supporting global 

biodiversity.  

 

Importantly, coastal ecosystems contain more than 25% of the 

world’s marine biodiversity. This significant proportion 

emphasizes the ecological richness of these areas, where 

various species coexist and interact across diverse habitats 

such as coral reefs, mangroves, and estuaries. These 

ecosystems are vital for their capacity to provide critical 

ecosystem services, including water filtration, carbon storage, 

and storm protection. Water filtration helps improve water 

quality, contributing to healthier marine environments, while 

carbon storage plays a crucial role in climate change 

mitigation by sequestering greenhouse gases. Additionally, 

natural barriers such as mangroves and dunes work to protect 

coastal communities from storm surges and erosion, 

underscoring their importance in disaster risk reduction 

strategies (Barbier et al., 2011).  

 

Economically, coastal zones contribute significantly to local 

economies. They are vital sources of resources for fishing, 

tourism, and recreational activities, which together form the 

backbone of many coastal communities. Fisheries thrive in 

these rich ecosystems, providing livelihoods and food 

security for millions. Meanwhile, tourism exploits the natural 

beauty and recreational opportunities offered by coastal 

environments, fostering economic development but also 

increasing pressure on these fragile ecosystems.  

 

Despite their importance, coastal zones face growing threats 

from multiple fronts. Rising sea levels, driven by climate 

change, pose an existential risk to these regions. Projections 

from the Intergovernmental Panel on Climate Change (IPCC) 

indicate that sea levels could rise between 0.3 to 2.5 meters 

by 2100, contingent upon global emissions scenarios (IPCC, 

2021). Such changes will exacerbate flooding, habitat loss, 

and erosion, affecting both the environment and human 

settlements.  

 

The situation is particularly alarming in countries like India, 

where around 60 million people live in coastal areas 

susceptible to flooding and erosion (World Bank, 2020). This 

high vulnerability underscores an urgent need for a 

revaluation of development practices in these regions. 

Unregulated development, especially tourism - related 

infrastructure, can lead to further degradation of coastal 

ecosystems, threatening the very resources that support local 

populations.  

 

In light of these challenges, the critical need for sustainable 

construction practices in coastal zones cannot be overstated. 

Implementing eco - friendly, resilient construction methods is 

essential for mitigating the environmental impacts of 

development, protecting biodiversity, and ensuring the long - 

term viability of coastal communities. Addressing these 

issues proactively will not only safeguard coastal ecosystems 

but also enhance the resilience of human populations living in 

these vulnerable areas.  
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Above is a map depicting Extreme sea levels with a return 

period of 100 years and the exposed population. Maps 

showing (a) the height of extreme sea levels with a return 

period of 100 years (based on the best Gumbel fit) around the 

entire world's coastline; and (b) the estimated exposed 

population estimates per country (relative to the global 

exposure) with return period of 100 years.  

 

1.2 Tourism - Driven Temporary Structures 

 

Tourism is a significant economic driver in coastal zones, 

contributing to income and employment in many regions. In 

India, the tourism sector accounted for 9.2% of GDP in 2019, 

with projections suggesting that this share could rise to 12% 

by 2028 (WTTC, 2021). Coastal tourism in states like Goa 

brings in more than ₹21, 000 crore (approximately $3 billion) 

annually, constituting 16% of Goa's GDP. This growth has 

led to an increasing demand for temporary structures such as 

beach huts, eco - lodges, and camping facilities that can 

accommodate tourists while minimizing long - term 

environmental impacts.  

 

Temporary structures are favored due to their flexibility and 

reduced footprint, allowing for seasonal use without 

permanent changes to the coastal landscape. However, the 

construction of these structures must consider the fragility of 

coastal ecosystems and aim to minimize their environmental 

impact.  

 

1.3 Background of Coastal Regulation Zone (CRZ) 

Regulations 

 

The Coastal Regulation Zone (CRZ) regulations play a 

pivotal role in managing coastal development in India. 

Established under the Environment Protection Act of 1986, 

these regulations were formulated to protect the delicate 

coastal environment from the adverse impacts of 

development activities, which can lead to pollution, habitat 

destruction, and loss of biodiversity. The CRZ regulations 

evolve periodically based on environmental assessments and 

developmental needs, notably with significant alterations in 

1991, 2011, and 2019.  

 

1.3.1 CRZ Notification 1991:  

The first comprehensive framework aimed at regulating 

activities in coastal areas. It classified coastal zones into four 

categories.  

 

1.3.2 CRZ Notification 2011:  

Introduced amendments to strengthen environmental 

protections while allowing for more clear guidelines for 

tourism and infrastructure development. It emphasized 

sustainable practices and increased public participation in 

decision - making processes regarding coastal development.  

 

Classification of the CRZ – For the purpose of conserving and 

protecting the coastal areas and marine waters, the CRZ are 

classified as follows,  

 

1) CRZ - I  

a) The areas that are ecologically sensitive and the 

geomorphological features which play a role in the 

maintaining the integrity of the coast.  

• Mangroves, in case mangrove area is more than 1000 sq 

mts, a buffer of 50meters along the mangroves shall be 

provided;  

• Corals and coral reefs and associated biodiversity;  

• Sand Dunes;  

• Mudflats which are biologically active;  

• National parks, marine parks, sanctuaries, reserve forests, 

wildlife habitats and other protected areas under the 

provisions of Wild Life (Protection) Act, 1972 (53 of 

1972), the Forest (Conservation) Act, 1980 (69 of 1980) 

or Environment (Protection) Act, 1986 (29 of 1986); 

including Biosphere Reserves;  

• Salt Marshes;  
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• Turtle nesting grounds;  

• Horse shoe crabs habitats;  

• Sea grass beds;  

• Nesting grounds of birds;  

• Areas or structures of archaeological importance and 

heritage sites.  

b) The area between Low Tide Line and High Tide Line.  

 

2) CRZ - II.  

The areas that have been developed upto or close to the 

shoreline. Explanation. - For the purposes of the expression 

“developed area” is referred to as that area within the existing 

municipal limits or in other existing legally designated urban 

areas which are substantially built - up and has been provided 

with drainage and approach roads and other infrastructural 

facilities, such as water supply and sewerage mains.  

 

3) CRZ - III 

Areas that are relatively undisturbed and those do not belong 

to either CRZ - I or II which include coastal zone in the rural 

areas (developed and undeveloped) and also areas within 

municipal limits or in other legally designated urban areas, 

which are not substantially built up.  

 

4) CRZ - IV 

A. The water area from the Low Tide Line to twelve nautical 

miles on the seaward side; B. Also includes the water area of 

the tidal influenced water body from the mouth of the water 

body at the sea upto the influence of tide which is measured 

as five parts per thousand during the driest season of the year.  

5) Areas requiring special consideration for the purpose 

of protecting the critical coastal environment and 

difficulties faced by local communities,  

• CRZ area falling within municipal limits of Greater 

Mumbai.  

• The CRZ areas of Kerala including the backwaters 

and backwater islands;  

• CRZ areas of Goa.  

• Critically Vulnerable Coastal Areas (CVCA) such as 

Sundarbans region of West Bengal and other 

ecologically sensitive areas identified as under 

Environment (Protection) Act, 1986 and managed 

with the involvement of coastal communities 

including fisherfolk.  

 

1.3.3. CRZ Notification 2019:  

The latest revision aims to balance development needs with 

environmental safeguards. It expands CRZ categories to 

include aspects such as ecosystem restoration and sustainable 

tourism, while clarifying the permissible construction 

activities in each zone. It has attempted to streamline the 

approval processes for development projects while 

reinforcing the importance of environmental assessment and, 

importantly, compliance with the National Water Policy.  

 

The CRZ regulations ensure that development does not 

compromise environmental integrity, promoting sustainable 

use of coastal resources while accommodating the socio - 

economic needs of local populations.  

 

 
A map of India highlighting significant coastal regions and 

CRZ zones with an emphasis on permissible activities.  

 

1.4 Objectives of the Paper 

 

This paper aims to:  

1) Explore sustainable building materials suitable for 

temporary structures in Coastal Regulation Zones 

(CRZs).  

2) Analyse the environmental impacts of traditional 

materials and their alternatives.  

3) Evaluate how specific material choices can mitigate 

environmental degradation and enhance disaster 

resilience.  
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4) Provide case studies and examples from globally 

recognized practices that exemplify sustainability in 

temporary coastal structures.  

5) Offer regulatory insights and guidelines based on the 

CRZ framework that could be adapted for better 

environmental outcomes.  

 

1.5. Relevance with Temporary Structures in Coastal 

Regulation Zones (CRZ) in Goa 

 

The state of Goa, renowned for its stunning coastline and 

vibrant tourism sector, exemplifies the delicate balance 

required when developing in Coastal Regulation Zones 

(CRZ). As a significant tourist destination, Goa attracts 

millions of visitors each year, which intensifies the demand 

for temporary structures such as beach huts, eco - resorts, and 

event spaces catering to both local and international tourists. 

However, this rapid growth poses substantial risks to the 

fragile coastal ecosystems, including habitat degradation, 

erosion, and increased vulnerability to climate change 

impacts.  

 

Research into sustainable materials for temporary structures 

within CRZ areas in Goa is critically significant for several 

reasons. Firstly, Goa's unique biodiversity and ecosystem 

functions necessitate the implementation of construction 

practices that minimize environmental impact while 

accommodating tourist needs. Temporary structures built 

from sustainable materials, such as bamboo and recycled 

steel, can significantly reduce the imprint on the land, 

allowing for seasonal operational flexibility without 

permanent alterations to the landscape.  

 

Secondly, the state's existing CRZ regulations aim to protect 

coastal environments and prevent unregulated development, 

but enforcement remains a challenge due to the popularity of 

tourism and rapidly changing development demands. By 

focusing on this research, we can identify best practices and 

innovative sustainable materials that align with the regulatory 

framework, creating a blueprint for responsible tourism 

development that respects both the environment and 

community heritage.  

 

Moreover, this research has the potential to foster community 

engagement and awareness of sustainable practices among 

local builders, architects, and policymakers in Goa. 

Understanding how to integrate effective, sustainable 

construction methods into temporary structures can lead to 

improved disaster resilience, support local economies, and 

promote the long - term health of coastal ecosystems.  

 

Examining the relevance of sustainable materials for 

temporary structures within CRZ areas in Goa is imperative 

for enabling sustainable tourism growth that protects the 

state's invaluable coastal resources while empowering local 

communities economically and environmentally. By merging 

tourism development with ecological stewardship, Goa can 

serve as a model for other coastal destinations facing similar 

challenges.  

 

 

 

2. The Importance of Sustainable Building 

Materials 
 

2.1 Definition and Scope 

 

Sustainable building materials are those that are sourced and 

produced with minimal negative impact on the environment, 

offering benefits to the ecosystem and human health. The key 

attributes of sustainable materials include:  

• Renewability: Materials that can be replenished naturally 

within a human lifespan.  

• Recyclability: The ability to recover and repurpose 

materials at the end of their lifecycle.  

• Low Embodied Energy: Materials requiring minimal 

energy to produce, transport, and install.  

 

2.2 Environmental Impacts of Traditional Materials 

 

Traditional building materials like concrete, brick, and steel 

often have significant environmental footprints, characterized 

by:  

• High Carbon Emissions: The extraction and processing of 

these materials usually involve substantial energy 

consumption, contributing to greenhouse gas emissions.  

• Resource Depletion: The use of non - renewable resources 

in material production leads to habitat destruction and loss 

of biodiversity.  

• Waste Generation: The construction and demolition 

phases produce vast amounts of waste, with estimates 

showing that approximately 40% of solid waste in 

landfills originates from construction activities.  

 

In contrast, sustainable materials offer a means to reduce 

these impacts: they promote energy efficiency, conserve 

resources, and lessen waste generation. Shifting to these 

materials not only benefits environmental integrity but 

enhances indoor air quality and overall occupant health.  

 

3. Types of Sustainable Building Materials 
 

3.1 Renewable Materials 

 

3.1.1 Bamboo 

Bamboo is an exceptional renewable building material known 

for its rapid growth and outstanding strength - to - weight 

ratio.  

• Sustainability: Bamboo can grow up to 91 cm in just 24 

hours and reaches maturity within 3 - 5 years, making it 

one of the fastest renewable resources.  

• Carbon Sequestration: Bamboo forests can absorb large 

amounts of carbon dioxide, with studies showing 

absorption rates that are significantly higher than those of 

conventional tree plantations.  

• Structural Applications: Due to its flexibility and tensile 

strength, bamboo can be used effectively in construction, 

serving as both a structural element and decorative feature.  

However, the benefits of bamboo must be balanced with 

appropriate treatment to prevent pest infestations and decay, 

particularly in coastal environments.  
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3.1.2 FSC - Certified Timber 

Forest Stewardship Council (FSC) - certified timber is 

sustainably sourced wood that meets strict environmental 

standards, ensuring responsible forestry practices.  

• Ecological Balance: Using FSC - certified wood supports 

forest health and biodiversity by preventing 

overharvesting.  

• Lower Carbon Footprint: Compared to non - certified 

sources, certified timber typically has a lower carbon 

footprint, helping to combat climate change effectively.  

• Versatility: Timber is highly adaptable, allowing for 

various design possibilities, and it can be employed for 

both structural and non - structural applications.  

However, care must be taken to source this timber 

responsibly, ensuring it genuinely comes from sustainable 

forests to avoid counteracting its environmental benefits.  

 

3.1.3 Geotextiles 

Geotextiles are synthetic or natural fibers used in construction 

to provide separation, reinforcement, filtration, and drainage 

in soil stabilization.  

• Erosion Control: In coastal zones, geotextiles can help 

prevent soil erosion from wave actions by stabilizing 

coastal sands, thereby protecting fragile habitats.  

• Sustainable Alternatives: Innovations in geotextile 

production have led to biodegradable options that reduce 

plastic waste in ocean environments.  

• Versatility in Use: Geotextiles can be adapted for 

numerous temporary structures, including those for beach 

restoration and stabilization projects, providing 

sustainability benefits.  

 

3.2 Recyclable Materials 

3.2.1 Recycled Steel 

Recycled steel is derived from existing steel products through 

the recycling process, offering several ecological benefits:  

• Energy Savings: Recycled steel production uses 75% less 

energy than producing new steel, thereby significantly 

reducing overall carbon emissions.  

• Durability and Strength: Steel is renowned for its strength 

and durability, allowing it to be reused in multiple 

structural applications without losing quality.  

• Wide Applications: Recycled steel finds utility in framing, 

roofing, and other structural components, making it a 

versatile building solution.  

 

3.2.2 Mycelium Composites 

Mycelium composites, formed through the growth of fungal 

mycelium on agricultural waste, are emerging as innovative 

building materials.  

• Sustainability: This material can grow quickly on organic 

substrates, such as straw or sawdust, leading to rapid 

production cycles with minimal resource demand.  

• Biodegradability: Mycelium products are biodegradable, 

diminishing their environmental footprint upon disposal.  

• Fire Resistance: Recent developments have resulted in 

treating mycelium composites to enhance their fire - 

resistant properties, making them suitable for various 

applications in construction.  

 

 

 

 

3.3 Earth - Based Materials 

 

3.3.1 Compressed Earth Blocks (CEBs)  

Compressed Earth Blocks consist of dirt that is compacted 

using mechanical presses and can be recognized for several 

sustainable features:  

• Local Sourcing: CEBs utilize locally available soils, 

lowering transportation costs and emissions.  

• Thermal Efficiency: They provide excellent insulation 

properties, significantly improving energy efficiency in 

buildings.  

• Low Processing Energy: The production of CEBs requires 

minimal energy compared to baked bricks, highlighting 

their sustainability advantages.  

 

3.3.2 Adobe 

Adobe bricks, composed primarily of clay, sand, and straw, 

serve as a sustainable ancient building material.  

• Local Resources: The raw materials for adobe are often 

abundant and locally sourced, reducing environmental 

impact.  

• Thermal Mass: Adobe's thermal mass properties regulate 

indoor temperatures efficiently, promoting energy 

savings.  

• Low Embodied Energy: Adobe requires minimal 

processing energy, contributing to overall sustainability.  

 

3.3.3 Rammed Earth 

Rammed earth construction involves compressing soil 

mixtures between formwork, which provides numerous 

advantages:  

• Durability: Rammed earth structures are resilient and can 

last for decades with proper construction techniques.  

• Low Maintenance Needs: Once built, rammed earth walls 

require little maintenance and can withstand various 

environmental conditions.  

• Natural Aesthetics: The use of natural earth provides 

visual appeal, blending seamlessly into coastal 

environments.  

 

3.4 Innovative Materials 

3.4.1 Mycelium - Based Products 

Mycelium, the root structure of fungi, provides a sustainable 

building material option with numerous benefits:  

• Sustainability: Mycelium can be cultivated on agricultural 

waste substrates, promoting waste recycling.  

• Fire Resistance: Treated mycelium shows promising fire - 

resistant properties, essential for ensuring safety in 

construction.  

• Biodegradable: This innovative material is fully 

biodegradable, minimizing waste generation at the end of 

its lifecycle.  

 

3.4.2 Hempcrete 

Hempcrete is a biocomposite made from hemp hurds mixed 

with lime. Its benefits include:  

• Insulation Properties: Hempcrete offers excellent 

insulation, allowing for energy efficiency in buildings.  

• Carbon Sequestration: Hemp plants absorb CO2 as they 

grow, leading to a carbon - negative material.  

• Moisture Regulation: Hempcrete can regulate humidity 

levels, promoting indoor air quality.  
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3.4.3 Bio - Concrete 

Bio - concrete utilizes living microorganisms to enhance 

durability:  

• Self - Healing Capabilities: Microorganisms embedded in 

the concrete precipitate calcite when moisture is present, 

allowing it to repair minor cracks autonomously.  

• Resource Efficient: This feature reduces maintenance 

costs, contributing to overall sustainable practices in 

construction.  

 

4. Sustainable Material Selection for Coastal 

Areas 
 

4.1 Considerations for Material Selection 

 

When selecting materials for construction in Coastal 

Regulation Zones, several considerations should be 

prioritized:  

1) Durability Against Coastal Elements: Materials must 

withstand exposure to saltwater, wind, and humidity. For 

example, stainless steel or aluminum framing may be 

preferred for their resistance to corrosion.  

2) Ecological Impact: The selection process should 

emphasize using locally sourced materials to minimize 

transportation emissions and support local economies.  

3) Impact on Marine Ecosystems: Materials should not 

interfere with local marine life. For instance, the use of 

geotextiles can help protect delicate dune systems while 

providing structural support.  

4) Potential to Enhance Resilience: Material choices should 

contribute to the long - term resilience of structures 

against climate change impacts, including rising sea 

levels and increased storm intensity.  

 

4.2 Prevention of Coastal Environmental Damage 

 

Choosing the right materials and construction practices can 

significantly mitigate environmental degradation in coastal 

areas:  

1) Erosion Control: Implementing natural landscaping 

solutions, such as using native plants and natural 

geotextiles, can control erosion without disrupting local 

ecosystems.  

2) Integrating Green Infrastructure: Using permeable 

materials for walkways and drainage systems can help 

manage stormwater runoff effectively, minimizing 

flooding and pollution entering coastal waters.  

3) Sustainable Waste Management: Implementing 

protocols for recycling construction waste and sourcing 

materials locally can reduce the project's environmental 

footprint.  

 

4.3 Importance in Disaster Resilience 

 

The selection of materials for temporary structures also plays 

a critical role in enhancing disaster resilience, particularly in 

response to extreme weather events.  

1) Robust Construction Practices: Materials that offer high 

resistance to winds and flooding can greatly reduce 

damage during natural disasters. For example, elevated 

structures utilizing concrete piers can withstand flooding 

more effectively.  

2) Adaptive Reuse Flexibility: Structures designed with 

modularity allow components to be repurposed or 

recycled after the initial use, contributing to a circular 

economy.  

3) Innovative Technologies: Emerging technologies, such 

as smart materials that respond to environmental 

changes, can enhance the resilience of temporary 

structures in coastal areas.  

 

5. Strategies for Disaster Preparedness 
 

Given Goa's vulnerability to environmental threats such as 

cyclones, flooding, and rising sea levels, disaster 

preparedness is crucial for ensuring the longevity and safety 

of temporary structures within the Coastal Regulation Zones.  

 

5.1 Material Selection for Storm Resistance 

 

1) Designed for Wind Resistance: Choose materials that can 

withstand strong winds. Reinforced concrete frames or 

steel frames provide strength and resilience against high 

winds associated with tropical storms.  

2) Innovative Anchoring: Develop anchoring systems to 

secure temporary structures against wind uplift. Proper 

design and engineering are essential to prevent shifting 

during storms.  

3) Flood - Resistant Designs: Implement elevated structures 

and utilize materials that resist moisture damage, such as 

treated wood or composite materials designed for high 

moisture areas.  

 

5.2 Innovations in Resilient Design 

 

To enhance resilience against climatic adversities, design 

structures with flexibility to adapt to environmental changes, 

thus ensuring their longevity.  

1) Water - Management Systems: Integrating stormwater 

management systems, including bioswales and rain 

gardens, can help mitigate flooding risks. Use permeable 

paving to allow rainwater to percolate into the ground.  

2) Adaptable Frameworks: Structures designed for easy 

dismantling and storage can be valuable during off - 

seasons and can be relocated as needed or repurposed 

effectively in disaster recovery efforts.  

3) Community - Based Designs: Structures designed with 

community input ensure they meet practical safety 

standards while respecting local cultural practices, 

enhancing overall resilience.  

 

6. Regulatory Framework and Global Best 

Practices 
 

6.1 Analysis of India's CRZ Regulations 

 

India's CRZ regulations provide a framework aimed at 

balancing environmental conservation and development 

needs. These regulations categorize coastal areas based on 

their sensitivity and define permissible activities accordingly.  

• Current Framework: The 2019 CRZ Notification stresses 

sustainable development in coastal areas while providing 

guidelines for impact assessments. This includes the 

promotion of temporary constructions that are 

environmentally sensitive.  
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• Challenges Facing Compliance: Effective enforcement 

remains a challenge, especially with informal and illegal 

structures often escaping scrutiny. Improved compliance 

mechanisms are vital for protecting coastal environments.  

 

6.2 International Examples of Sustainable Practices 

 

Insights from international best practices can greatly inform 

sustainable construction practices in Goa and similar regions:  

6.2.1 Bali, Indonesia 

Bali is known for its commitment to eco - friendly tourism 

development. The use of bamboo and natural materials has 

been widely adopted in construction practices in eco - resorts:  

 

Sustainable Procurement: Local communities are engaged in 

sustainable practices, utilizing traditional knowledge for 

harvesting and processing bamboo.  

 

 
Pictures of the Green School classrooms, showcasing detailed bamboo based construction 

 

6.2.2 The Maldives 

With rising sea levels posing significant threats, the Maldives 

has focused on using raised structures and environmentally 

sustainable materials to address climate vulnerabilities while 

promoting tourism.  

 

Adaptive Architecture: Structures are designed to be resilient 

to storm surges, utilizing materials like reinforced concrete 

and locally sourced coral stone for foundation stability.  

 

 
Photographs of floating resort in the Maldives with solar panels and modular wooden decks. 
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6.2.3 Scotland 

In Scotland, coastal planning integrates community 

engagement and environmental assessments to guide 

development. The use of reclaimed materials and compliance 

with sustainable design principles has helped preserve coastal 

integrity.  

 

Ecological Restoration Projects: Initiatives focused on 

restoring coastal habitats have directly influenced planning 

regulations, promoting responsible tourism development.  

 

7. Design and Aesthetics 
 

7.1 Principles of Design 

 

Effective design for temporary structures, particularly in 

coastal areas, requires a focus on sustainability, resilience, 

and aesthetics:  

• Minimalism: A design approach that emphasizes 

simplicity, using fewer materials to achieve maximum 

efficiency and impact.  

• Adaptability: Structures should be designed flexibly to 

accommodate changing functional requirements over 

time.  

• Ecological Integration: Designs must harmonize with the 

natural environment, enhancing rather than detracting 

from local ecosystems.  

 

7.2 Aesthetic Considerations 

 

Aesthetics play a critical role in ensuring that temporary 

structures resonate with their surroundings:  

• Local Cultural Elements: Incorporating local cultural 

elements and architectural styles into the design maintains 

community identity and ensures acceptance.  

• Natural Materials: Utilizing sustainable materials with 

inherent beauty—like rammed earth or reclaimed wood—

enhances visual appeal and community connection.  

 

8. Circular Economy in Construction 
 

8.1 Concepts and Principles 

 

The circular economy promotes the efficient use of resources 

and minimizes waste through a closed - loop system. Key 

concepts include:  

• Resource Minimization: Emphasizing durability, 

reusability, and recyclability of materials encourages a 

shift from linear to circular production processes.  

• Waste Reduction: Innovative design strategies can 

minimize waste throughout the lifecycle of a product.  

• Restorative Approach: The circular economy emphasizes 

designs that regenerate natural systems through 

sustainable practices.  

 

8.2 Case Studies in Goa and Beyond 

 

Several case studies showcase how circular economy 

principles have been successfully implemented in 

construction:  

• Sustainable Goa Initiative: Local initiatives focus on 

recycling building waste from tourist infrastructure and 

converting it into new structures. These practices 

exemplify a circular approach to construction.  

• Global Models: Many regions in Europe and North 

America are increasingly implementing modular design 

principles, allowing for materials and components to be 

easily reused or recycled.  

 

9. Bio - Design and Adaptive Reuse 
 

9.1 Definition and Principles 

 

Bio - design incorporates biological processes and sustainable 

systems into building practices to create healthy and resilient 

living environments.  

• Nature - Inspired Design: Using biological models and 

ecological principles to guide design encourages 

sustainability.  

• Resourcefulness: Emphasizing the potential of local 

ecosystems to provide materials sustainably contributes to 

ecological resilience.  

 

9.2 Benefits and Challenges 

Adopting bio - design principles leads to benefits such as 

improved energy efficiency, indoor air quality, and resilience 

to climate impacts. However, challenges exist:  

• Technical Limitations: The complexity of developing new 

products may delay their adoption.  

• Awareness and Education: Architects and builders require 

increased training in bio - design principles for effective 

implementation.  

 

10. Avoiding Harmful Substances 
 

10.1 CMR (Carcinogenic, Mutagenic, Reproductive 

Toxic) Substances 

 

Identifying and avoiding harmful substances is critical for 

public health:  

• Regulatory Awareness: Awareness of regulations to 

govern the use of these substances remains low in many 

sectors.  

• Safer Material Alternatives: Promoting non - toxic 

materials, like low - VOC paints and natural finishes, 

contributes to healthier built environments.  

 

10.2 Regulations and Guidelines in India 

 

The Bureau of Indian Standards (BIS) and regulatory bodies 

issue guidelines for minimizing harmful substances in 

construction, integral to protecting public health.  

 

11. Embodied Carbon in Construction 
 

11.1 Definition and Importance 

 

Embodied carbon refers to lifecycle greenhouse gas 

emissions from building materials. Understanding these 

emissions is vital to mitigating climate impacts and achieving 

sustainability.  
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11.2 Strategies to Minimize Embodied Carbon 

 

Strategies for reducing embodied carbon include:  

• Material Innovation: Utilizing low - carbon materials that 

originate from waste or byproducts can significantly limit 

carbon emissions.  

• Efficient Design Practices: Techniques that reduce energy 

consumption during production and use.  

• Lifecycle Assessment (LCA): Conducting comprehensive 

LCAs provides essential insights for informed decision - 

making regarding material impacts.  

 

12. Environmental Product Declarations (EPD)  
 

12.1 Importance of EPD 

 

Environmental Product Declarations (EPD) offer transparent 

data on the environmental impact of materials used in 

construction:  

 

Standardization: Standardized data enhances material 

comparability, fostering sustainable decision - making.  

 

12.2 Case Studies and Case Studies Applying EPDs 

 

LEED - Certified Projects: Some prominent sustainable 

construction projects in India, particularly those pursuing 

LEED certification, have effectively utilized Environmental 

Product Declarations (EPDs) to guide material selection. For 

instance, the ITC Green Centre in Gurgaon uses EPDs to 

evaluate the lifecycle impacts of various materials, 

successfully achieving higher sustainability ratings. This 

project serves as a model for integrating EPDs into the 

decision - making process for material procurement.  

 

Government Initiatives: The Government of India supports 

initiatives that promote the understanding and 

implementation of EPDs in the construction sector. The 

Bureau of Indian Standards launched a framework for the 

development of EPDs, which aims to encourage 

manufacturers to disclose the environmental performance of 

their products. This is pivotal in promoting transparency and 

accountability in the industry.  

 

International Examples: Numerous examples exist from 

developed nations, including the U. S. and those in the 

European Union, where EPDs have been widely adopted. For 

instance, the Cradle to Cradle Certified™ Products Program 

encompasses a variety of building materials, allowing 

designers and builders to choose products based on their 

environmental impacts comprehensively.  

 

13. Conclusion 
 

Sustainable construction practices within Coastal Regulation 

Zones (CRZ) are imperative for preserving fragile coastal 

ecosystems while accommodating the growing demand for 

temporary structures driven by tourism. By integrating 

sustainable materials like bamboo, FSC - certified timber, 

geological textiles, recycled steel, and mycelium composites, 

stakeholders can create structures that minimize 

environmental impact, enhance disaster resilience, and 

support local economies.  

This comprehensive review has highlighted the importance of 

regulatory frameworks such as India's CRZ regulations, 

underscoring their critical role in balancing development and 

ecological preservation. Drawing on international examples 

from destinations like Bali, the Maldives, and Scotland 

illustrates best practices that can be tailored to India's unique 

coastal context.  

 

To achieve sustainable development goals in coastal areas, it 

is crucial to embrace innovative materials, integrate disaster 

preparedness strategies, and cultivate circular economy 

principles. The benefits of adopting these measures will not 

only safeguard coastal environments but also provide 

opportunities for environmentally responsible tourism.  

 

As a roadmap for future actions, stakeholders must invest in 

education and capacity - building initiatives to empower local 

architects and builders to implement sustainable materials and 

practices effectively. This collaborative approach can foster 

community stewardship and enhance resilience against 

climate - related threats, ensuring that coastal zones remain 

vibrant ecological and economic resources for generations to 

come.  
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