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1: Green Building Concepts and Practices 

 

1. Introduction 

(1) The concept of green building focuses on reducing environmental impacts of buildings throughout their 

life cycle — from design and construction to operation, maintenance, and demolition. 

(2) It integrates sustainability principles such as energy efficiency, water conservation, and eco-friendly 

materials while maintaining human comfort and functionality. 

(3) Globally, this movement emerged in response to climate change, resource depletion, and 

urbanization pressures. 

(4) In India, the green building concept gained prominence after the establishment of the Indian Green 

Building Council (IGBC) in 2001. 

(5) The construction industry is responsible for over 30% of greenhouse gas emissions and significant 

energy and water use, making green buildings vital to sustainability. 

(6) Modern green building practices go beyond energy savings; they include waste management, indoor 

air quality, renewable energy integration, and smart technologies. 

(7) International frameworks like LEED (USA) and BREEAM (UK) have influenced Indian standards such 

as IGBC Rating Systems and GRIHA (Green Rating for Integrated Habitat Assessment). 

(8) Green building concepts are now integrated into national policies, including Energy Conservation 

Building Code (ECBC) and National Building Code (NBC) 2016. 

(9) The objective is to achieve net-zero energy buildings and net-zero carbon buildings by 2070, aligned 

with India’s climate commitments. 

(10) This chapter explains key concepts, organizations, benefits, rating systems, and market transformation 

related to green buildings. 

 

2. Green Building Concepts 

2.1 Core Principles 

(11) The foundation of green building concepts rests on the “3R” Principle: Reduce, Reuse, Recycle. 

(12) Reduce resource consumption, reuse materials, and recycle waste wherever possible. 

(13) The whole-building approach considers energy, water, materials, site, and indoor quality collectively 

rather than in isolation. 

(14) Life Cycle Assessment (LCA) is crucial — evaluating environmental impacts from material extraction 

to disposal. 

(15) Integrated Design Process (IDP): All stakeholders (architects, engineers, contractors, clients) 

collaborate early to optimize sustainable outcomes. 

 



2.2 Lifecycle Stages of a Green Building 

(16) Pre-Design Stage: 

  

Site selection to minimize ecological disruption. 

  

  

Climate-responsive design (orientation, shading, passive cooling). 

  

(17) Design Stage: 

  

Use of energy modeling software (e.g., ECOTECT, DesignBuilder). 

  

  

Selection of green materials and low-VOC products. 

  

(18) Construction Stage: 

  

Waste minimization, dust control, and water management on-site. 

  

  

Local sourcing of materials to reduce transportation emissions. 

  

(19) Operation Stage: 

  

Energy and water performance monitoring via Building Management Systems (BMS). 

  

  

Continuous occupant education for sustainable practices. 

  

(20) Demolition/End-of-Life Stage: 



  

Material recovery and recycling (steel, concrete aggregates). 

  

  

Safe disposal of hazardous materials. 

  

 

2.3 Green Practices in India 

(21) Passive Design: Use of courtyards, verandas, jaalis in traditional architecture for natural cooling. 

(22) Rainwater Harvesting: Mandatory in several Indian states for new constructions. 

(23) Solar Energy Integration: Rooftop solar mandatory in some commercial buildings (per MNRE 

guidelines). 

(24) Low-Cost Green Technologies: Use of fly-ash bricks, bamboo reinforcement, and ferrocement panels. 

(25) Waste-to-Energy Initiatives: Composting organic waste onsite in residential complexes. 

 

3. Indian Green Building Council (IGBC) 

3.1 Formation and Objectives 

(26) Established in 2001 under the Confederation of Indian Industry (CII). 

(27) Aims to promote sustainable building practices and green certification programs. 

(28) Vision: “Facilitate India to become one of the global leaders in sustainable built environment by 

2025.” 

(29) Provides training, guidelines, and awareness for professionals and students. 

(30) Collaborates with state governments, municipal bodies, and developers. 

 

3.2 IGBC Rating Systems 

(31) IGBC Green Homes: For residential buildings and apartments. 

(32) IGBC Green Factory Buildings: For industrial manufacturing facilities. 

(33) IGBC Green Townships: For large-scale township development. 

(34) IGBC Existing Buildings (O&M): Focus on operational efficiency of older structures. 

(35) IGBC Healthcare / School Ratings: Customized for hospitals and educational institutions. 

 

3.3 Impact of IGBC 

(36) India has over 10 billion sq. ft. of registered green building footprint (as of 2024). 

(37) States like Telangana, Maharashtra, Tamil Nadu lead in green-certified projects. 

(38) IGBC has trained thousands of Accredited Professionals (APs) for green project design. 

(39) Initiatives like Green Campus Program target universities and schools. 

(40) IGBC works closely with LEED India to align global best practices with local needs. 



 

4. Green Building Movement in India 

4.1 Evolution 

(41) 2001–2003: Concept introduction via IGBC and LEED frameworks. 

(42) 2003: CII Godrej Green Business Centre (Hyderabad) becomes India’s first LEED Platinum 

building. 

(43) 2005–2010: Government policies encourage ECBC compliance and green rating adoption. 

(44) 2010–2020: Rapid adoption in corporate campuses (Infosys, Wipro, ITC Hotels). 

(45) 2020 onwards: Shift toward Net-Zero Energy Buildings (NZEBs) and residential green housing. 

 

4.2 Key Drivers 

(46) Policy Incentives: Property tax rebates, fast-track approvals for green-certified projects. 

(47) Market Demand: Increasing awareness among urban homebuyers for eco-friendly living. 

(48) Corporate Sustainability: Companies adopting ESG (Environmental, Social, Governance) 

frameworks. 

(49) Energy Crisis & Climate Change: Rising electricity costs and environmental concerns. 

(50) Technological Advances: Smart meters, IoT-enabled energy management, BIM integration. 

 

5. Benefits Experienced in Green Buildings 

5.1 Environmental Benefits 

(51) 20–40% reduction in energy consumption via efficient lighting and HVAC. 

(52) 30–50% reduction in water use through rainwater harvesting and greywater reuse. 

(53) Reduced greenhouse gas emissions, contributing to national climate targets. 

(54) Preservation of biodiversity by minimizing site disturbance. 

(55) Improved resilience against extreme weather events. 

 

5.2 Economic Benefits 

(56) Operational savings in electricity and water bills throughout building life cycle. 

(57) Higher property value and rental premiums for certified green buildings. 

(58) Access to green finance and concessional loans from banks (e.g., SBI Green Home Loans). 

(59) Faster project approvals and potential government incentives. 

(60) Reduced maintenance costs due to durable and low-impact materials. 

 

5.3 Social and Health Benefits 

(61) Enhanced indoor air quality reduces respiratory ailments and absenteeism. 

(62) Natural daylighting improves mood and productivity. 

(63) Noise insulation from sustainable materials enhances occupant comfort. 



(64) Green spaces promote physical and mental well-being. 

(65) Creates employment opportunities in green construction and renewable energy sectors. 

 

6. Launch of Green Building Rating Systems 

6.1 International Rating Systems 

(66) LEED (USA): Credits across energy, water, materials, and indoor quality. 

(67) BREEAM (UK): Focuses on life cycle impacts and environmental management. 

(68) WELL Building Standard: Emphasizes occupant health and wellness. 

 

6.2 Indian Rating Systems 

(69) IGBC Rating: Multiple variants for homes, factories, townships. 

(70) GRIHA (by TERI): National rating endorsed by MNRE; suited for Indian climates. 

(71) BEE Star Labeling: Focuses on operational energy performance of buildings. 

(72) Eco-Niwas Samhita: Code for energy efficiency in residential buildings. 

(73) Integration of ECBC 2017 into state building bye-laws. 

 

7. Residential Sector and Market Transformation 

7.1 Residential Green Building Boom 

(74) Rising urban population and housing demand drive sustainable housing adoption. 

(75) Developers like Tata Housing, Mahindra Lifespaces incorporate IGBC/GRIHA ratings. 

(76) Affordable housing projects now integrate low-cost green features (solar water heaters, LED lighting). 

 

7.2 Market Transformation 

(77) Green buildings now account for ~8% of India’s construction sector (2023). 

(78) Expected growth to 20% by 2030 with government schemes like PMAY-U (Housing for All). 

(79) Corporate real estate increasingly demands green-certified office spaces for ESG compliance. 

(80) Consumer awareness drives demand for eco-labeled products (low-VOC paints, recycled tiles). 

2: Opportunities of Green Buildings 

 

1. Introduction 

(1) Green buildings not only address environmental concerns but also create new opportunities for 

economic growth, innovation, and employment. 

(2) The global green building market is projected to reach USD 610 billion by 2030, and India is one of the 



fastest-growing contributors. 

(3) Opportunities exist across design, construction, materials, energy technologies, certification, and 

maintenance. 

(4) The rise of urbanization (India to have 600 million urban residents by 2036) increases demand for 

sustainable housing and infrastructure. 

(5) Green buildings also align with Sustainable Development Goals (SDGs) and India’s net-zero 2070 

target, attracting foreign investments. 

(6) This chapter explores opportunities in different sectors and how India can leverage them for sustainable 

economic development. 

 

2. Economic Opportunities 

2.1 Construction Sector Growth 

(7) India’s construction industry contributes ~9% of GDP, and green buildings are emerging as a major 

segment. 

(8) Adoption of IGBC/GRIHA standards creates opportunities for specialized contractors and consultants. 

(9) Demand for energy-efficient equipment (HVAC, lighting) spurs growth in manufacturing industries. 

(10) Green retrofitting of existing buildings opens a large market — 80% of India’s 2030 building stock is 

yet to be built. 

 

2.2 Employment Generation 

(11) Green building projects create jobs in design, certification, construction, and operations. 

(12) Example: The Infosys Mysore Campus green initiatives employed over 500 workers in sustainable 

landscaping and solar installations. 

(13) New careers: Energy auditors, sustainability consultants, green product engineers. 

(14) Training programs by IGBC and TERI provide certification courses, enhancing employability. 

 

2.3 Investment Opportunities 

(15) Green bonds and green finance are rapidly growing — India issued over USD 10 billion green bonds 

in 2023. 

(16) Financial institutions like SBI and HDFC provide green home loans with interest rebates. 

(17) International investors prefer certified green projects for ESG compliance. 

(18) Developers benefit from tax incentives, subsidies, and faster approval for green-certified projects. 

 

3. Environmental Opportunities 

3.1 Resource Conservation 

(19) Buildings consume 40% of global energy and 30% of freshwater — green buildings can cut these 

numbers by 30-50%. 

(20) Rainwater harvesting and greywater recycling reduce stress on municipal water supply. 

(21) Efficient waste management (construction debris recycling) lowers landfill loads. 



 

3.2 Renewable Energy Integration 

(22) Solar PV rooftops can transform buildings into net energy producers. 

(23) India’s National Solar Mission targets 100 GW solar by 2030 — green buildings play a critical role. 

(24) Hybrid systems (wind-solar, biomass) can power rural housing projects sustainably. 

 

3.3 Climate Change Mitigation 

(25) India aims to reduce emissions intensity by 45% by 2030 (Paris Agreement). 

(26) Green buildings reduce operational carbon and can achieve carbon neutrality through offsets and 

renewable integration. 

(27) Urban heat island effect is mitigated by green roofs and reflective materials. 

 

4. Technological Opportunities 

4.1 Smart Building Systems 

(28) IoT-enabled sensors optimize energy and water usage in real time. 

(29) Building Management Systems (BMS) integrate lighting, HVAC, and security for efficiency. 

(30) AI-driven predictive maintenance reduces downtime and costs. 

 

4.2 Innovative Materials 

(31) Rise of low-carbon cement, fly-ash bricks, bamboo composites in Indian markets. 

(32) Use of phase change materials (PCM) for thermal storage in walls and roofs. 

(33) Self-healing concrete and aerogels as next-generation green materials. 

 

4.3 Prefabrication and Modular Construction 

(34) Reduces waste, construction time, and labor costs. 

(35) Example: Tata Steel Nest-In modular housing solutions with recyclable steel. 

(36) Prefab schools and hospitals in rural areas enable rapid sustainable infrastructure. 

 

5. Market Opportunities 

5.1 Residential Sector 

(37) Affordable housing schemes (PMAY-U) adopting solar lighting and rainwater systems. 

(38) Growing demand for green homes among millennials in Tier 1 and Tier 2 cities. 

(39) Developers branding eco-friendly apartments as premium lifestyle products. 



 

5.2 Commercial Sector 

(40) Corporate ESG commitments drive demand for green-certified office spaces. 

(41) IT campuses (Infosys, Wipro, TCS) showcase large-scale adoption of IGBC Platinum ratings. 

(42) Retail malls integrate energy-efficient escalators and LED lighting. 

 

5.3 Industrial Sector 

(43) Factories and warehouses adopting IGBC Green Factory rating for energy/water efficiency. 

(44) Example: Coca-Cola bottling plants using recycled water in processes. 

(45) Increased focus on zero liquid discharge (ZLD) industrial units. 

 

6. Policy and Regulatory Opportunities 

(46) Energy Conservation Building Code (ECBC): Mandatory for commercial buildings in many states. 

(47) Green Building Incentives: Property tax rebates in Pune, Hyderabad for IGBC-rated homes. 

(48) Renewable Energy Mandates: Solar water heating required in municipal bylaws (Bengaluru, Delhi). 

(49) International Support: World Bank and UNDP funding sustainable urban projects. 

(50) National initiatives like Smart Cities Mission integrate green building principles. 

 

7. Opportunities for Innovation 

(51) Development of zero-energy buildings using smart design and renewables. 

(52) Application of biophilic design — integrating natural elements indoors for wellness. 

(53) 3D printing of sustainable housing using recycled concrete. 

(54) Urban farming and vertical gardens on building facades. 

 

8. Case Studies 

8.1 Suzlon One Earth, Pune 

(55) LEED Platinum corporate campus powered entirely by renewable energy (wind-solar hybrid). 

(56) Demonstrates zero-carbon operations and serves as a model for corporate sustainability. 

8.2 ITC Green Centre, Gurgaon 

(57) 40% energy savings and 30% water savings achieved through passive design and efficient systems. 

(58) First commercial building in India to receive LEED Platinum certification. 

8.3 Infosys Mysore Campus 



(59) Largest green campus in India with rainwater harvesting, solar heating, and smart BMS systems. 

(60) Achieved 35% energy savings compared to conventional IT campuses. 

 

9. Global Opportunities for India 

(61) Export of green construction materials (bamboo, fly ash products) to international markets. 

(62) Collaboration with global green tech firms for R&D and innovation. 

(63) Potential to become a hub for affordable sustainable housing in the Global South. 

 

10. Challenges to Realizing Opportunities 

(64) High initial capital costs despite lifecycle savings. 

(65) Lack of awareness in smaller cities and rural areas. 

(66) Shortage of skilled professionals in green design and auditing. 

(67) Need for stronger enforcement of building codes and standards. 

 

11. Future Outlook 

(68) India’s green building footprint is projected to grow from 10 billion sq. ft. to 25 billion sq. ft. by 2030. 

(69) Rise of net-positive buildings — generating more energy than they consume. 

(70) Integration of circular economy principles in construction (reuse of demolition waste). 

 

12. Conclusion 

(71) Green buildings represent a multi-sector opportunity — economic, environmental, and social. 

(72) With supportive policies, technological innovation, and rising consumer awareness, India can lead the 

global green building revolution. 

(73) The opportunities extend beyond cost savings, fostering resilience, wellness, and climate 

responsibility. 

(74) Green buildings are no longer optional; they are the foundation for sustainable urbanization in the 

21st century. 

3: Green Building Features 

 

1. Introduction 

(1) Green building features are the core attributes that distinguish sustainable buildings from conventional 

ones. 

(2) These features address environmental concerns, reduce energy and water use, and promote occupant 

well-being. 

(3) Globally, organizations like LEED, IGBC, and GRIHA define criteria for features under energy, water, 



materials, indoor quality, and site sustainability. 

(4) In India, features must align with tropical climates, monsoon variability, and regional material 

availability. 

(5) A well-designed green building incorporates features that are integrated and synergistic — each aspect 

complements the others for maximum efficiency. 

(6) Example: A solar shading system not only reduces heat gain but also enhances daylight, lowering 

lighting loads. 

(7) Features must also be cost-effective to ensure widespread adoption across affordable housing and rural 

projects. 

(8) This chapter will explore key green building features, their benefits, implementation strategies, and 

real-world examples. 

 

2. Key Features of Green Buildings 

 

2.1 Sustainable Site Selection and Planning 

(9) Selecting the right site is crucial for reducing environmental impact during construction and operation. 

(10) Avoid ecologically sensitive zones like wetlands, forests, or prime agricultural land. 

(11) Prefer brownfield sites or previously developed land to minimize ecological disturbance. 

(12) Ensure connectivity to public transport to reduce vehicular emissions. 

(13) Provide bicycle parking and pedestrian pathways to encourage non-motorized transport. 

(14) Use native landscaping to reduce irrigation needs and maintain biodiversity. 

(15) Example: Infosys campuses use native drought-tolerant species for landscaping, reducing water use by 

60%. 

 

2.2 Energy Efficiency Features 

(16) Buildings consume around 30-35% of India’s total electricity; energy efficiency is critical. 

(17) Features include passive solar design, insulation, efficient lighting, and renewable energy 

integration. 

(18) Building orientation: Align major windows towards the north/south to minimize heat gain in tropical 

climates. 

(19) Use double-glazed low-E windows to reduce cooling loads. 

(20) Install LED lighting with occupancy sensors for automatic dimming or switching off. 

(21) Employ high-efficiency HVAC systems such as VRF (Variable Refrigerant Flow) units. 

(22) Integrate rooftop solar PV panels to offset grid electricity consumption. 

(23) Case Study: ITC Green Centre in Gurgaon reduced energy use by 40% via efficient HVAC and lighting. 

 

2.3 Water Efficiency Features 

(24) Water scarcity affects 70% of Indian districts; efficient use is critical in green buildings. 

(25) Install low-flow fixtures (aerators, dual-flush toilets) to reduce potable water use. 

(26) Implement rainwater harvesting systems for groundwater recharge and irrigation. 

(27) Use greywater recycling (from showers, sinks) for flushing and landscaping. 

(28) Smart irrigation with moisture sensors ensures watering only when needed. 



(29) Example: Suzlon One Earth Campus recycles 100% of wastewater onsite using advanced treatment 

plants. 

 

2.4 Sustainable Materials and Resources 

(30) Selection of materials impacts the carbon footprint and indoor air quality. 

(31) Use recycled steel, fly ash bricks, bamboo, and reclaimed wood. 

(32) Prioritize locally sourced materials to reduce transportation energy. 

(33) Select low-VOC paints, adhesives, and finishes for healthier interiors. 

(34) Modular and prefabricated components reduce construction waste. 

(35) Example: Mahindra World City, Jaipur uses fly ash cement and recycled aggregates extensively. 

 

2.5 Indoor Environmental Quality (IEQ) 

(36) Occupant health and comfort are central to green building design. 

(37) Ensure adequate ventilation using fresh air systems and operable windows. 

(38) Maintain indoor CO₂ levels below 1000 ppm for comfort and alertness. 

(39) Optimize daylighting through skylights and light shelves to reduce artificial lighting needs. 

(40) Use acoustic insulation to minimize noise pollution. 

(41) Monitor and control indoor pollutants with air purifiers and CO₂ sensors. 

(42) Case Study: Infosys Hyderabad achieved high productivity by integrating daylighting and improved air 

quality. 

 

2.6 Waste Management 

(43) Construction generates huge waste — green buildings minimize and manage this effectively. 

(44) Segregate waste onsite (organic, recyclable, hazardous). 

(45) Compost organic waste and recycle construction debris (concrete, steel). 

(46) Provide recycling bins and storage for paper, plastics, and metals during building operation. 

(47) Adopt Waste-to-Energy solutions for large residential or industrial campuses. 

 

2.7 Renewable Energy Integration 

(48) Incorporating renewables reduces dependence on fossil fuels and lowers emissions. 

(49) Rooftop solar PV systems can supply 30-50% of building electricity. 

(50) Solar water heaters replace electric geysers, saving significant energy. 

(51) Wind-solar hybrid systems are viable in coastal or high-wind regions. 

(52) Example: Akshay Urja Bhavan (MNRE HQ) in Delhi integrates solar PV, solar thermal, and energy-

efficient systems. 

 

2.8 Green Landscaping 

(53) Vegetated roofs reduce heat gain and stormwater runoff. 

(54) Vertical gardens enhance aesthetics and air quality in dense urban areas. 



(55) Permeable pavements allow groundwater recharge and reduce urban flooding. 

(56) Use of xeriscaping — landscaping that requires minimal irrigation — is effective in arid regions. 

 

2.9 Water Body Integration 

(57) Retaining natural water bodies on site improves microclimate and biodiversity. 

(58) Artificial ponds or bioswales manage stormwater and recharge aquifers. 

(59) Example: IIM Bangalore retains natural topography and water features for climate moderation. 

 

2.10 Transportation Features 

(60) Charging stations for electric vehicles (EVs) encourage clean mobility. 

(61) Priority parking for carpooling and EV users. 

(62) Integration with metro stations or bus stops promotes public transport use. 

(63) Example: Many IT parks in Bengaluru offer shuttle services to reduce traffic congestion. 

 

3. Benefits of Green Building Features 

 

3.1 Environmental Benefits 

(64) Reduced energy and water use lower ecological footprint. 

(65) Mitigation of urban heat island effect via reflective roofs and green cover. 

(66) Preservation of natural habitats and biodiversity. 

 

3.2 Economic Benefits 

(67) Operational savings due to lower utility bills. 

(68) Increased property value and higher occupancy rates. 

(69) Access to incentives like property tax rebates and faster approvals. 

 

3.3 Health and Social Benefits 

(70) Improved indoor air quality reduces sick building syndrome. 

(71) Enhanced daylighting boosts occupant morale and productivity. 

(72) Community green spaces promote social interaction and physical activity. 

 

4. Indian Case Studies 

 



4.1 CII Godrej Green Business Centre, Hyderabad 

(73) First LEED Platinum building in India (2003). 

(74) Features include rainwater harvesting, efficient HVAC, and daylighting. 

(75) Achieved 40% energy savings compared to conventional buildings. 

 

4.2 Suzlon One Earth, Pune 

(76) Entirely powered by renewable energy (wind + solar). 

(77) Advanced water recycling and zero discharge campus. 

(78) Platinum-rated green corporate headquarters. 

 

4.3 Infosys Campuses (Mysore, Pune, Bangalore) 

(79) Implement smart building management systems to monitor energy/water use. 

(80) Focus on passive cooling and renewable integration. 

(81) Large-scale rainwater harvesting to achieve water self-sufficiency. 

 

5. Integration into Rating Systems 

(82) Features contribute points in IGBC, LEED, and GRIHA certification frameworks. 

(83) Energy efficiency and water conservation carry maximum weightage in ratings. 

(84) Materials and waste management also provide significant credits. 

(85) Example: LEED awards 10+ points for water efficiency strategies. 

 

6. Future Trends in Green Building Features 

(86) Net-Zero Energy Features: Buildings producing as much energy as they consume. 

(87) Biophilic Design: Integrating nature within built spaces for wellness. 

(88) Smart Green Buildings: AI + IoT for real-time optimization. 

(89) Circular Materials: Designing for reuse, dismantling, and recycling post life-cycle. 

(90) Positive Energy Buildings: Generating surplus renewable energy to feed back to the grid. 

 

7. Conclusion 

(91) Green building features form the backbone of sustainable construction. 

(92) They integrate energy, water, materials, and health considerations into every stage of a building’s life 

cycle. 

(93) Adoption in India is accelerating due to government policies, market demand, and corporate ESG 

commitments. 

(94) As technology advances, these features will evolve toward net-positive and regenerative buildings. 

(95) The future of Indian urbanization depends on mainstreaming these features across all building 

typologies. 



4: Material and Resources in Green 

Buildings 

 

1. Introduction 

(1) Materials and resources form the foundation of sustainable construction practices. 

(2) The choice of building materials impacts energy consumption, carbon footprint, indoor air quality, 

and overall sustainability. 

(3) Globally, the construction sector is responsible for nearly 40% of CO₂ emissions due to cement 

production, steel manufacturing, and transportation. 

(4) In India, rapid urbanization has increased the demand for cement, steel, and bricks — raising concerns 

about resource depletion and environmental degradation. 

(5) Green building concepts advocate using eco-friendly, locally sourced, recycled, and renewable 

materials to minimize environmental impact. 

(6) Proper material selection also supports waste minimization, circular economy practices, and cost 

savings. 

(7) This chapter explores types of sustainable materials, resource optimization strategies, lifecycle 

assessment, and Indian case studies. 

 

2. Principles of Material Selection 

 

2.1 Reduce- Reuse- Recycle Approach 

(8) Reduce: Minimize material usage through efficient design and prefabrication. 

(9) Reuse: Salvage materials like timber, steel, and bricks from demolition sites. 

(10) Recycle: Use recycled aggregates, fly ash, and reclaimed wood to lower environmental footprint. 

 

2.2 Life Cycle Assessment (LCA) 

(11) Evaluates the environmental impact of materials from extraction to disposal. 

(12) Considers embodied energy, greenhouse gas emissions, and recyclability. 

(13) Example: Bamboo has lower embodied energy compared to steel or aluminum. 

 

2.3 Local Sourcing 

(14) Use materials within a 500 km radius to reduce transport emissions. 

(15) Supports local economies and traditional craftsmanship. 

(16) Example: Laterite stones commonly used in Kerala for eco-friendly houses. 

 



2.4 Low VOC and Non-Toxic Materials 

(17) Volatile Organic Compounds (VOCs) affect indoor air quality. 

(18) Use paints, adhesives, and finishes with low or zero VOC content. 

(19) Enhances occupant health and meets certification requirements (LEED, IGBC). 

 

3. Types of Green Building Materials 

 

3.1 Recycled Materials 

(20) Fly Ash Bricks: By-product of thermal power plants, reduces cement usage. 

(21) Recycled Steel: Retains structural properties and saves up to 75% energy compared to virgin steel. 

(22) Reclaimed Wood: Used for flooring, furniture, and structural elements. 

 

3.2 Renewable Materials 

(23) Bamboo: Rapidly renewable, high tensile strength, ideal for scaffolding and reinforcement. 

(24) Cork and Coir: Used in flooring, insulation, and acoustic treatments. 

(25) Hempcrete: Bio-composite material offering thermal insulation and carbon sequestration. 

 

3.3 Low-Impact Cement Alternatives 

(26) Blended Cements: Incorporate fly ash, slag, or silica fume to reduce clinker content. 

(27) Geopolymer Concrete: Made from industrial by-products (fly ash, GGBS) with low CO₂ emissions. 

(28) Example: IIT Madras research on geopolymer concrete for sustainable pavements. 

 

3.4 Insulation Materials 

(29) Cellulose Insulation: Made from recycled paper; excellent thermal performance. 

(30) Sheep Wool and Coconut Coir: Natural, biodegradable insulation options. 

(31) Aerogel Panels: Advanced lightweight insulation with minimal heat transfer. 

 

3.5 Finishing Materials 

(32) Low-VOC Paints: Brands like Asian Paints and Nerolac offer eco-certified options. 

(33) Natural Plasters: Lime or clay plasters regulate humidity and improve air quality. 

(34) Recycled Tiles: Glass or ceramic waste used in aesthetic floor/wall tiles. 

 

4. Resource Optimization Strategies 



 

4.1 Efficient Design 

(35) Design optimization reduces material use without compromising strength. 

(36) Structural systems like waffle slabs or voided slabs reduce concrete volume. 

(37) Modular design allows easy assembly and disassembly for future reuse. 

 

4.2 Prefabrication and Modular Construction 

(38) Prefabricated panels and components minimize on-site waste. 

(39) Speed up construction timelines and improve quality control. 

(40) Example: Tata Nest-In steel modular housing reduces material wastage by 40%. 

 

4.3 Construction Waste Management 

(41) Segregate construction debris into recyclable and non-recyclable categories. 

(42) Crush and reuse concrete waste as aggregates for new construction. 

(43) Mandated by Indian codes like Construction and Demolition Waste Rules, 2016. 

 

4.4 Circular Economy Approach 

(44) Design buildings for disassembly and reuse of components at end-of-life. 

(45) Example: Steel beams and aluminum facades reused in multiple projects. 

(46) Encourages cradle-to-cradle material cycles instead of cradle-to-grave. 

 

5. Role of Rating Systems in Material Selection 

 

5.1 IGBC Criteria 

(47) Points for using recycled content, local materials, and rapidly renewable resources. 

(48) Encourages environmentally friendly finishes (low-VOC paints, adhesives). 

(49) Example: IGBC Homes awards 6 points for >20% recycled content. 

 

5.2 GRIHA Criteria 

(50) Rewards reduction in embodied energy and on-site waste management. 

(51) Promotes salvaged material use in at least 15% of total construction. 

(52) GRIHA v2019 emphasizes life cycle cost assessment for materials. 

 



5.3 LEED India Criteria 

(53) Credits for regional materials, recycled content, and certified wood (FSC). 

(54) Material reuse and waste diversion contribute to higher certification levels. 

(55) Encourages environmental product declarations (EPDs) for transparency. 

 

6. Case Studies in India 

 

6.1 CII-Sohrabji Godrej Green Business Centre (Hyderabad) 

(56) Used fly ash concrete, recycled aluminum, and bamboo paneling. 

(57) Achieved LEED Platinum with 25% savings in material cost. 

 

6.2 Suzlon One Earth, Pune 

(58) Incorporates recycled steel and local stone for structural elements. 

(59) Extensive landscaping with native species reduces material transport impacts. 

 

6.3 Infosys Campuses 

(60) Prefabricated façade systems and use of fly ash-based concrete for sustainability. 

(61) On-site material recycling achieved 95% waste diversion from landfills. 

 

7. Innovations in Material Technology 

 

7.1 Self-Healing Concrete 

(62) Incorporates bacteria or microcapsules that repair cracks automatically. 

(63) Reduces maintenance costs and extends building lifespan. 

 

7.2 Transparent Wood 

(64) Wood treated to become transparent while retaining strength; used in facades. 

(65) Offers renewable alternative to glass in windows and skylights. 

 

7.3 Bio-Concrete and Hempcrete 



(66) Absorbs CO₂ during curing, creating carbon-negative structures. 

(67) Ideal for low-rise residential and rural housing. 

 

8. Challenges in Material Adoption 

(68) Higher initial cost of green materials despite lifecycle savings. 

(69) Limited availability of certified sustainable products in smaller towns. 

(70) Lack of awareness among contractors and masons about eco-friendly alternatives. 

(71) Need for standardization and certification to ensure quality and performance. 

 

9. Future Directions 

(72) Growth of green supply chains integrating farmers, SMEs, and large manufacturers. 

(73) Government mandates for embodied carbon reporting in future building codes. 

(74) Development of AI-driven tools for optimizing material selection during design. 

(75) Rise of bio-based materials (mycelium, algae) for next-gen sustainable construction. 

 

10. Conclusion 

(76) Sustainable material selection is central to achieving green building objectives. 

(77) Indian construction must shift toward low-carbon, locally available, and recyclable materials. 

(78) Resource optimization strategies like modular design and waste recycling enhance cost efficiency. 

(79) Integration with rating systems (IGBC, GRIHA, LEED) ensures measurable sustainability outcomes. 

(80) The future lies in circular construction models and innovative eco-materials to meet India’s net-zero 

goals. 

5: Water Efficiency in Green Buildings 

 

1. Introduction 

(1) Water is one of the most critical resources for human survival and building operations. 

(2) In India, per capita water availability has declined from 5,177 m³ in 1951 to ~1,500 m³ in 2025, 

nearing the scarcity threshold. 

(3) Buildings account for 15-20% of freshwater consumption in urban areas (domestic + commercial). 

(4) Water efficiency in green buildings focuses on reducing freshwater use, recycling wastewater, and 

preserving natural water cycles. 

(5) Efficient water management reduces operational costs, environmental impact, and dependence on 

municipal supply. 

(6) Rating systems like IGBC, GRIHA, and LEED award significant points for water-saving strategies. 

(7) This chapter explores technologies, strategies, case studies, and innovations in water efficiency for 

Indian buildings. 

 



2. Objectives of Water Efficiency 

(8) Minimize freshwater consumption through efficient fixtures and appliances. 

(9) Maximize rainwater harvesting and storage to reduce dependence on groundwater. 

(10) Reuse treated greywater and blackwater for non-potable applications (flushing, irrigation). 

(11) Prevent water pollution and stormwater runoff during construction and operation. 

(12) Promote natural groundwater recharge via permeable pavements and rain gardens. 

 

3. Key Strategies for Water Efficiency 

 

3.1 Low-Flow Plumbing Fixtures 

(13) Install low-flow faucets, aerators, dual-flush toilets, and waterless urinals. 

(14) Reduces water usage by 30–50% compared to conventional fixtures. 

(15) Example: Kohler and Jaquar manufacture IGBC-compliant water-saving fixtures. 

(16) Dual flush systems (3/6 liters) save 30 liters per person daily in residential buildings. 

 

3.2 Rainwater Harvesting (RWH) 

(17) Capturing and storing rainwater from rooftops for later use or recharge. 

(18) Essential in cities facing water crises like Chennai and Bengaluru. 

(19) Components: catchment area, filtration system, storage tank, recharge pits. 

(20) Government mandates RWH for buildings >100 m² in many Indian states. 

(21) Example: Bengaluru’s Infosys campus harvests 100% rooftop runoff, recharging aquifers. 

 

3.3 Greywater Recycling 

(22) Greywater: wastewater from showers, sinks, and laundry (excluding toilets). 

(23) Can be treated using constructed wetlands, membrane bioreactors, or sand filters. 

(24) Reused for toilet flushing, landscaping, and cooling tower makeup water. 

(25) Reduces freshwater demand by 30-40% in multi-story residential complexes. 

(26) Example: Delhi Metro stations reuse treated greywater for platform cleaning. 

 

3.4 Blackwater Treatment and Reuse 

(27) Blackwater: sewage from toilets requiring biological treatment. 

(28) Modern STPs (Sewage Treatment Plants) treat blackwater to tertiary standards. 

(29) Treated water reused for horticulture, flushing, and industrial processes. 

(30) Example: ITC Grand Chola, Chennai operates zero-discharge STPs meeting hotel water demand. 

 

3.5 Smart Irrigation Systems 



(31) Landscaping irrigation is a major water consumer in commercial complexes. 

(32) Use moisture sensors, drip irrigation, and weather-based controllers. 

(33) Example: Hyderabad IT parks use drip irrigation to save 50% water annually. 

(34) Plant selection: prefer native, drought-tolerant species to reduce watering needs. 

 

3.6 Permeable Pavements and Groundwater Recharge 

(35) Replace concrete pavements with permeable interlocking pavers. 

(36) Allows rainwater infiltration, reduces urban flooding, and replenishes aquifers. 

(37) Example: Delhi’s Lodhi Gardens uses permeable pathways to manage stormwater. 

 

3.7 Water-Efficient Cooling Systems 

(38) Cooling towers in commercial buildings consume large volumes of water. 

(39) Adopt closed-loop cooling, hybrid wet-dry towers, and water treatment chemicals. 

(40) Use air-cooled chillers where feasible to minimize water consumption. 

(41) Example: IGBC-certified IT parks in Pune switched to hybrid cooling systems, saving 20 million 

liters/year. 

 

4. Water Efficiency in Rating Systems 

 

4.1 IGBC 

(42) Credits for 20-50% reduction in potable water use through efficient fixtures. 

(43) Points for 25-50% reuse of treated water for landscaping and flushing. 

(44) Mandatory rainwater harvesting and stormwater management. 

 

4.2 GRIHA 

(45) Emphasizes reduction of water consumption, rainwater harvesting, and reuse of grey/blackwater. 

(46) Awards points for limiting lawn area and choosing native plant species. 

(47) Encourages water metering and sub-metering for monitoring. 

 

4.3 LEED India 

(48) Water Efficiency (WE) category focuses on indoor use, outdoor use, specialized uses, and metering. 

(49) Points for innovative wastewater technologies and rainwater management. 

(50) Achieving >50% water savings can lead to LEED Platinum-level certification. 

 



5. Indian Case Studies 

 

5.1 Infosys Bangalore Campus 

(51) 100% of sewage treated and reused for flushing and landscaping. 

(52) Achieved 45% water savings compared to conventional IT parks. 

(53) Rainwater harvesting ponds recharge over 60 million liters annually. 

 

5.2 ITC Grand Chola, Chennai 

(54) Zero Liquid Discharge (ZLD) luxury hotel. 

(55) Treats 100% sewage onsite; uses recycled water for cooling and landscaping. 

(56) Achieved 35% reduction in freshwater demand despite high guest turnover. 

 

5.3 CII Godrej Green Business Centre, Hyderabad 

(57) Rainwater harvesting and greywater recycling save over 30,000 liters/day. 

(58) Achieved IGBC Platinum with exemplary water efficiency measures. 

 

6. Technological Innovations 

 

6.1 Dual Plumbing Systems 

(59) Separate pipes for potable and recycled water for efficient distribution. 

(60) Mandatory in many green building codes (e.g., GRIHA for large projects). 

 

6.2 Smart Water Meters 

(61) IoT-based meters track consumption and detect leaks in real time. 

(62) Example: Tata Housing projects implement digital water meters for residents. 

 

6.3 Atmospheric Water Generators (AWG) 

(63) Extract water from humid air; useful for off-grid rural or coastal areas. 

(64) Growing adoption in Indian defense and hospitality sectors. 

 

6.4 Biofiltration and Natural Wetlands 



(65) Natural treatment of wastewater using aquatic plants and microbes. 

(66) Low energy, low maintenance, and aesthetically pleasing solutions. 

 

7. Benefits of Water Efficiency 

 

7.1 Environmental 

(67) Reduces stress on freshwater ecosystems and municipal supply networks. 

(68) Improves urban water table levels through recharge. 

(69) Prevents pollution of rivers and lakes by treating sewage onsite. 

 

7.2 Economic 

(70) Cuts water bills by 30–50% in residential and commercial projects. 

(71) Reduces infrastructure costs for municipal water supply and sewage treatment. 

(72) Increases property value by achieving green certifications. 

 

7.3 Social 

(73) Ensures reliable water supply during droughts and municipal shortages. 

(74) Improves public health by reducing waterborne diseases. 

(75) Enhances community resilience to climate change impacts. 

 

8. Challenges in Water Efficiency Implementation 

 

(76) High upfront costs for STPs and rainwater systems in small projects. 

(77) Limited awareness among builders and homeowners. 

(78) Maintenance challenges for decentralized treatment plants. 

(79) Varying water quality standards and lack of enforcement in smaller cities. 

 

9. Future Outlook 

 

(80) Rise of Net-Zero Water Buildings — recycling 100% of water onsite. 

(81) Government mandates for water-positive campuses in Smart Cities Mission. 

(82) Integration of AI and machine learning for predictive water management. 

(83) Growing adoption of nature-based solutions like rain gardens and bioswales. 



 

10. Conclusion 

 

(84) Water efficiency is critical for India’s sustainable urban future. 

(85) Combining efficient fixtures, recycling, rainwater harvesting, and smart monitoring ensures long-

term resilience. 

(86) Case studies show achievable savings of 30-50% in real projects. 

(87) Adoption of water-efficient strategies aligns with national missions (AMRUT, Jal Jeevan) and global 

goals (SDG 6). 

(88) Green buildings must evolve toward water-positive designs to meet the twin challenges of scarcity and 

climate change. 

6: Optimum Energy Efficiency in Green 

Buildings 

 

1. Introduction 

(1) Energy efficiency is the cornerstone of green building design, directly reducing greenhouse gas 

emissions and operating costs. 

(2) In India, buildings consume nearly 35% of total electricity, expected to rise to 50% by 2030 due to 

rapid urbanization. 

(3) Green buildings aim to minimize energy demand, use energy-efficient systems, and integrate 

renewable energy sources. 

(4) Optimum energy efficiency involves holistic design — passive architecture, active technologies, energy 

monitoring, and user behavior. 

(5) It also aligns with India’s National Building Code (NBC), Energy Conservation Building Code 

(ECBC), and BEE Star Rating Programs. 

(6) This chapter explores principles, strategies, technologies, rating systems, and case studies relevant to 

Indian climatic conditions. 

 

2. Principles of Optimum Energy Efficiency 

 

2.1 Energy Hierarchy 

(7) Prioritize reduce > optimize > generate approach: 

  

First reduce energy demand via passive design. 

  

  



Then optimize mechanical systems for efficiency. 

  

  

Finally generate renewable energy onsite/offsite. 

  

 

2.2 Integrated Design Approach 

(8) Energy efficiency must be planned from concept stage, involving architects, engineers, and 

sustainability experts. 

(9) Example: Building orientation, façade design, and HVAC load calculations must be coordinated. 

 

2.3 Life Cycle Energy Analysis 

(10) Assess embodied energy (materials) + operational energy (use phase) for realistic efficiency targets. 

(11) Example: High embodied energy of aluminum may offset operational savings unless recycled. 

 
 

3. Passive Energy Efficiency Strategies 

 

3.1 Building Orientation and Layout 

(12) Optimize orientation to minimize solar heat gain in hot climates and maximize daylight. 

(13) North-South orientation ideal in India to reduce east-west heat load. 

(14) Example: Infosys Hyderabad campus designed with north-light atriums. 

 

3.2 Building Envelope 

(15) Use insulated walls, reflective roofs, and high-performance glazing to reduce heat transfer. 

(16) ECBC recommends U-value <0.44 W/m²K for walls in hot regions. 

(17) Example: ITC Green Centre used cavity walls and high-reflectance roofs for 30% cooling load 

reduction. 

 

3.3 Daylighting and Natural Ventilation 

(18) Maximize daylight with skylights, light shelves, and clerestory windows. 

(19) Cross ventilation reduces dependence on mechanical cooling. 

(20) Example: IIM Bangalore’s stone architecture promotes natural ventilation and daylight. 



 

3.4 Thermal Mass and Shading 

(21) Use high thermal mass materials (stone, concrete) to moderate indoor temperatures. 

(22) Provide external shading devices like pergolas, louvers, and green façades. 

(23) Example: TERI’s RETREAT building uses thick walls and verandahs for passive cooling. 

 
 

4. Active Energy Efficiency Measures 

 

4.1 Efficient HVAC Systems 

(24) HVAC contributes 40-60% of building energy use in commercial buildings. 

(25) Use Variable Refrigerant Flow (VRF) systems, high COP chillers, and energy recovery 

ventilators. 

(26) Install demand-controlled ventilation using CO₂ sensors. 

(27) Example: Infosys campuses use radiant cooling systems saving 20-30% energy. 

 

4.2 Energy-Efficient Lighting 

(28) Replace conventional lamps with LED and CFL technologies. 

(29) Integrate occupancy sensors and daylight dimming controls. 

(30) Example: Delhi Metro stations reduced lighting energy by 35% with LEDs and sensors. 

 

4.3 Efficient Appliances and Equipment 

(31) Choose BEE 5-Star rated appliances for minimal energy consumption. 

(32) Use smart power strips and timers to eliminate phantom loads. 

(33) Example: Green hotels adopt energy-efficient kitchen and laundry equipment. 

 

4.4 Renewable Energy Integration 

(34) Rooftop solar PV systems for electricity; solar thermal systems for water heating. 

(35) Wind-solar hybrid systems for coastal or semi-arid regions. 

(36) Example: Suzlon One Earth campus operates entirely on renewable energy (solar + wind). 

 
 

5. Energy Management and Monitoring 

 



5.1 Building Management Systems (BMS) 

(37) Centralized control of HVAC, lighting, and security systems. 

(38) Enables real-time energy tracking and optimization. 

(39) Example: ITC Maurya hotel monitors energy usage per guest-night via BMS. 

 

5.2 Smart Meters and Sub-Metering 

(40) Track energy usage for specific zones/equipment. 

(41) Detect anomalies and encourage behavioral change among occupants. 

 

5.3 Energy Audits 

(42) Periodic audits to identify inefficiencies and recommend retrofits. 

(43) Mandatory for designated consumers under India’s Perform, Achieve, and Trade (PAT) scheme. 

 
 

6. Energy Efficiency in Rating Systems 

 

6.1 IGBC 

(44) Energy category has highest weightage (~30-35%). 

(45) Credits for energy performance index (EPI) reduction over ECBC baseline. 

(46) Bonus points for onsite renewable energy integration. 

 

6.2 GRIHA 

(47) Awards points for passive design, energy-efficient envelope, and renewable energy. 

(48) Mandates simulation-based verification of energy performance. 

 

6.3 LEED India 

(49) Energy and Atmosphere (EA) category: optimize energy performance, refrigerant management, and 

commissioning. 

(50) High-performing projects target 40-60% energy savings over ASHRAE baseline. 

 
 

7. Indian Case Studies 



 

7.1 CII Godrej Green Business Centre 

(51) 50% reduction in energy use via daylighting, efficient HVAC, and renewables. 

(52) Achieved LEED Platinum; serves as IGBC headquarters. 

 

7.2 Infosys Mysore Campus 

(53) Radiant cooling, high-performance façades, and solar water heating. 

(54) Reduced per capita energy consumption by 55% compared to baseline. 

 

7.3 ITC Hotels 

(55) ITC Grand Bharat, Gurgaon uses geothermal cooling and LED lighting. 

(56) Achieved LEED Platinum and net-zero carbon status. 

 
 

8. Technological Innovations 

 

8.1 Net-Zero Energy Buildings (NZEB) 

(57) Buildings generate as much energy as they consume annually. 

(58) Example: Indira Paryavaran Bhavan, New Delhi (MoEFCC HQ) — first NZEB in India. 

 

8.2 AI and IoT in Energy Management 

(59) Predictive analytics optimize HVAC and lighting loads based on occupancy. 

(60) Example: Smart campuses like IIT Hyderabad use AI-driven energy dashboards. 

 

8.3 Energy Storage Solutions 

(61) Lithium-ion and flow batteries store renewable energy for peak demand. 

(62) Integration with smart grids enhances reliability. 

 

8.4 Building-Integrated Photovoltaics (BIPV) 

(63) Solar panels integrated into façades, skylights, and windows. 

(64) Example: SECI office building in Delhi uses BIPV façade panels. 



 
 

9. Economic and Environmental Benefits 

 

9.1 Cost Savings 

(65) Energy-efficient buildings save 30–50% on electricity bills over lifecycle. 

(66) Higher initial investment recovered in 3–5 years through operational savings. 

 

9.2 Environmental Impact 

(67) Reduced greenhouse gas emissions and air pollution. 

(68) Supports India’s net-zero emissions target by 2070. 

 

9.3 Market Value 

(69) Green-certified energy-efficient buildings attract premium rents and occupancy. 

(70) Corporate ESG commitments drive demand for high-performance spaces. 

 
 

10. Challenges and Solutions 

 

(71) High upfront cost of energy-efficient technologies; mitigated by government incentives. 

(72) Lack of skilled workforce for installation and maintenance; solved through training programs. 

(73) Limited awareness among small developers; addressed via mandatory codes (ECBC 2017). 

 
 

11. Future Trends 

 

(74) Positive Energy Buildings — generating surplus energy exported to grid. 

(75) Hybrid renewable microgrids for campuses and industrial parks. 

(76) Adaptive façades with dynamic shading and energy harvesting. 

(77) Integration with electric vehicle charging infrastructure for sustainable mobility. 

 
 

12. Conclusion 



 

(78) Optimum energy efficiency is pivotal for India’s sustainable development. 

(79) Combining passive strategies, efficient systems, and renewables delivers maximum impact. 

(80) Indian case studies prove 30–50% energy reductions are achievable without compromising comfort. 

(81) Scaling energy efficiency across residential, commercial, and industrial buildings supports national 

climate goals and economic growth. 

(82) The next decade will witness a transition from green to net-positive energy buildings, shaping India’s 

low-carbon future. 

7: Market Transformation in Green Buildings 

 

1. Introduction 

Market transformation refers to the shift in demand and supply patterns within the construction industry, 

moving from conventional building practices to sustainable and green construction. In India, this 

transformation has accelerated over the past two decades due to policy changes, corporate initiatives, and 

consumer awareness about sustainability and climate change. 

 

2. Drivers of Market Transformation 

Several factors have catalyzed this transition: 

  

Rising Energy Costs and Resource Scarcity 

Traditional construction consumes high amounts of energy and water. Escalating costs of resources 

push builders toward sustainable alternatives. 

  

  

Government Policies and Regulations 

Initiatives like the Energy Conservation Building Code (ECBC), National Action Plan on 

Climate Change (NAPCC), and Smart Cities Mission promote green practices. 

  

  

Corporate Commitments (ESG and CSR) 
Large companies are adopting green certifications to enhance Environmental, Social, and 

Governance (ESG) ratings and corporate reputation. 

  

  

Public Awareness and Demand 

Increasing awareness of indoor air quality, health, and energy savings has led homeowners to seek 

certified green homes. 



  

 

3. Key Milestones in Indian Green Market 

  

2001: Formation of Indian Green Building Council (IGBC) under CII. 

  

  

2003: First LEED Platinum-certified building – CII Godrej Green Business Centre, Hyderabad. 

  

  

2010: Rapid adoption of green buildings in the IT and corporate sector (Infosys, Wipro, ITC). 

  

  

2020 onwards: Integration of green building norms in Smart Cities and Affordable Housing 

Missions. 

  

  

Current: India ranks third globally in total green building footprint (after the US and China). 

  

 

4. Impact on Real Estate Sector 

  

Premium in Market Value: Green-certified properties command 5-10% higher prices due to 

reduced operational costs. 

  

  

Shift to Mainstream: Green features are no longer a luxury; affordable housing also integrates basic 

sustainability measures. 

  

  

Investor Interest: ESG-conscious investors prefer green-certified portfolios. 

  



 

5. Corporate Adoption 

  

Infosys: Multiple campuses designed to achieve 30-40% energy savings via passive cooling and 

renewable energy. 

  

  

ITC Hotels: Pioneers in luxury hospitality sustainability (ITC Maurya, ITC Green Centre). 

  

  

Godrej Properties & Tata Housing: Large-scale eco-townships (Godrej Garden City, Tata Xylem). 

  

 

6. Policy Support 

  

Incentives: 

  

o  

Property tax rebates for IGBC/GRIHA-certified projects (e.g., Pune, Hyderabad). 

o  
o  

Additional Floor Space Index (FSI) for green-rated buildings. 

o  
o  

Fast-track approvals for certified sustainable designs. 

o  

  

Mandatory Codes: 

  

o  

ECBC compliance required in several states for large commercial projects. 



o  
o  

Renewable energy integration mandated in urban planning. 

o  

 

7. Economic Transformation 

  

Operational Cost Reductions: Green buildings reduce 20-30% operational costs due to energy 

and water savings. 

  

  

Growth of Green Material Industry: Demand for fly ash bricks, bamboo, recycled steel, low-

VOC paints, solar panels has surged. 

  

  

Job Creation: Skilled workforce demand for green architects, energy auditors, and sustainability 

consultants. 

  

 

8. Social Transformation 

  

Healthier Indoor Environments: Better air quality and natural lighting enhance occupant well-

being. 

  

  

Productivity Gains: Corporate studies show 10-15% improved productivity in green-certified 

offices. 

  

  

Community Engagement: Housing societies adopt waste segregation, composting, and rainwater 

harvesting practices. 

  

 



9. Case Studies 

Suzlon One Earth, Pune 

  

100% powered by renewable energy (wind + solar). 

  

  

LEED Platinum certified; serves as a benchmark for corporate campuses. 

  

ITC Green Centre, Gurgaon 

  

Among the largest LEED Platinum-rated buildings. 

  

  

Achieved 40% water savings and 30% energy savings. 

  

Infosys Mysore Campus 

  

Incorporates passive design and efficient lighting to reduce energy usage by 30%. 

  

  

Fully recycles water for landscaping and flushing. 

  

 

10. Challenges in Market Transformation 

  

High Initial Costs (Perception): Although lifecycle costs are lower, upfront costs deter smaller 

developers. 

  

  



Awareness Gap: Limited knowledge of rating systems (IGBC, GRIHA, LEED) among smaller 

contractors. 

  

  

Lack of Skilled Workforce: Shortage of trained green building professionals. 

  

  

Policy Fragmentation: Different states have varying incentives, causing inconsistency. 

  

 

11. Transformation Process Diagram (Descriptive) 

Steps in Transformation: 

  

Awareness → Adoption by Corporates → Certification (IGBC/GRIHA) → Increased Market 

Demand → Policy Integration → Mass Adoption. 

  

 

12. Conclusion 

The market transformation in green buildings has shifted sustainability from niche to mainstream. Backed 

by government policies, corporate ESG mandates, and consumer demand, India is emerging as a global 

leader in green construction. The future lies in net-zero energy buildings, smart urban planning, and 

scaling sustainable solutions for both luxury and affordable housing segments. 

8: Green Building Opportunities and 

Benefits 

 

1. Introduction 

Green buildings are not only environmentally responsible but also economically viable and socially 

beneficial. In India, the construction sector is expected to grow exponentially, creating a massive 

opportunity to embed sustainability into every new project. This chapter highlights the opportunities in 

adopting green building practices and the benefits they offer to various stakeholders — from developers and 

policymakers to end-users. 

 



2. Opportunities of Green Buildings 

2.1 Market Expansion 

  

India’s construction industry is the third-largest globally and projected to grow at 6-7% annually. 

  

  

Rapid urbanization (smart cities, metro projects, housing schemes) provides a huge scope to 

integrate green principles. 

  

2.2 Government Initiatives 

  

Smart Cities Mission: Emphasizes sustainable urban planning. 

  

  

Pradhan Mantri Awas Yojana (PMAY): Potential to integrate green affordable housing. 

  

  

Net-Zero Target 2070: Green buildings crucial to achieving climate goals. 

  

2.3 Technological Advancements 

  

Energy modeling software (e.g., EnergyPlus, DesignBuilder) for optimized design. 

  

  

Smart home technologies (IoT, automation) for energy management. 

  

  

Renewable integration: Rooftop solar, wind energy, hybrid systems. 

  

2.4 Green Material Industry 



  

Demand for eco-friendly materials like fly ash bricks, bamboo composites, and low-VOC paints. 

  

  

Growth of recycling industries supplying construction waste aggregates. 

  

2.5 Employment Opportunities 

  

Emergence of new roles: 

  

o  

Green building consultants 

o  
o  

Energy auditors 

o  
o  

LEED/IGBC-accredited professionals 

o  
o  

Waste management and water efficiency experts 

o  

 

3. Benefits of Green Buildings 

Green buildings deliver a triple bottom line benefit — environmental, economic, and social. 

 

3.1 Environmental Benefits 

  

Energy Savings: 20-40% reduction via passive design, LED lighting, and renewable energy use. 

  

  



Water Conservation: 30-50% savings through rainwater harvesting and greywater recycling. 

  

  

Carbon Emission Reduction: Supports India’s net-zero goals; less reliance on fossil fuels. 

  

  

Waste Reduction: Minimization of construction and operational waste. 

  

Example: 

CII Godrej Green Business Centre achieves 55% energy savings and 35% water savings through 

optimized design and renewable energy. 

 

3.2 Economic Benefits 

  

Operational Cost Savings: Lower electricity and water bills (20–30% reduction). 

  

  

Higher Market Value: Green-certified properties command 5–10% price premium. 

  

  

Government Incentives: Tax rebates, additional Floor Space Index (FSI), and fast approvals. 

  

  

Long-Term ROI: Lifecycle cost benefits outweigh higher initial investments. 

  

Example: 

ITC Green Centre, Gurgaon saves approximately ₹1 crore annually on energy and water bills. 

 

3.3 Social Benefits 

  

Improved Health: Low-VOC materials and natural ventilation improve air quality. 

  

  



Enhanced Productivity: Studies show 10–15% increase in workplace productivity due to better 

lighting and comfort. 

  

  

Community Impact: Encourages sustainable lifestyles — waste segregation, urban farming. 

  

Example: 

Infosys campuses report significant productivity and well-being improvements after adopting green designs. 

 

4. Key Stakeholders and Benefits 

4.1 Developers 

  

Faster sales due to growing consumer preference for green properties. 

  

  

Better branding and corporate reputation. 

  

4.2 Occupants 

  

Reduced utility bills. 

  

  

Healthier and more comfortable living environments. 

  

4.3 Government 

  

Lower infrastructure stress (water, power). 

  

  

Progress toward climate commitments and international sustainability goals. 

  



4.4 Industry 

  

Growth of new markets in green materials, renewable energy, and sustainable technologies. 

  

 

5. Case Studies 

Suzlon One Earth, Pune 

  

100% powered by renewable energy (wind + solar). 

  

  

LEED Platinum-certified corporate campus. 

  

Mahindra World City, Chennai 

  

Integrates sustainable mobility, water recycling, and renewable energy systems. 

  

  

Reduced carbon footprint for an entire urban township. 

  

 

6. Diagram (Descriptive) 

Flow of Benefits: 

  

Green Design → Lower Resource Use → Cost Savings + Health Benefits → Market Demand → 

Sustainable Economy 

  

 



7. Challenges to Realizing Opportunities 

  

Perception of High Initial Cost despite lifecycle savings. 

  

  

Lack of awareness among small-scale developers. 

  

  

Need for policy harmonization across states. 

  

 

8. Conclusion 

The opportunities for green buildings in India are immense, driven by rapid urban growth, policy 

frameworks, and evolving consumer preferences. The benefits are multi-dimensional, ensuring long-term 

environmental sustainability, economic profitability, and better quality of life. Leveraging these 

opportunities will position India as a global leader in sustainable construction. 

9: Green Building Features 

 

1. Introduction 

Green buildings incorporate design, construction, and operational features that minimize environmental 

impact while maximizing occupant comfort and efficiency. These features span energy, water, materials, 

indoor quality, and site planning, offering a holistic approach to sustainable development. 

 

2. Key Features of Green Buildings 

 

2.1 Energy Efficiency 

  

Passive Design Strategies: 

  
o  



Building orientation to maximize natural light and ventilation. 

o  
o  

Use of shading devices (louvers, green roofs) to reduce heat gain. 

o  

  

Efficient Systems: 

  

o  

LED lighting, variable frequency drives (VFD) for HVAC systems. 

o  
o  

Solar photovoltaic panels for onsite renewable energy. 

o  

  

Example: 

Infosys Mysore campus reduced energy consumption by 30% using passive cooling and solar 

integration. 

  

 

2.2 Water Efficiency 

  

Rainwater Harvesting: 

  

o  

Capturing and storing rainwater for reuse in flushing, landscaping. 

o  

  

Greywater Recycling: 

  

o  

Treating wastewater from sinks/showers for non-potable use. 



o  

  

Low-Flow Fixtures: 

  

o  

Dual flush toilets, aerated taps reducing water use by 30–50%. 

o  

  

Example: 

Suzlon One Earth recycles 100% of wastewater for landscape irrigation. 

  

 

2.3 Sustainable Materials and Resources 

  

Locally Sourced Materials: 

  

o  

Fly ash bricks, bamboo, and reclaimed wood reduce transportation energy. 

o  

  

Recycled Content: 

  

o  

Use of recycled steel, glass, and concrete aggregates. 

o  

  

Low-VOC Products: 

  

o  

Non-toxic paints and adhesives to ensure indoor air quality. 

o  

  



Example: 

CII Godrej Green Business Centre used 96% recycled construction debris. 

  

 

2.4 Indoor Environmental Quality (IEQ) 

  

Ventilation: 

  

o  

Natural ventilation and cross breezes reduce reliance on mechanical cooling. 

o  

  

Daylighting: 

  

o  

Maximizing natural light improves health and reduces energy use. 

o  

  

Thermal Comfort: 

  

o  

Proper insulation and energy-efficient glazing maintain stable indoor temperatures. 

o  

  

Example: 

ITC Green Centre enhanced productivity with optimized daylight and air quality. 

  

 

2.5 Site Selection and Planning 

  

Eco-Sensitive Locations: 



  

o  

Avoiding construction on ecologically fragile zones. 

o  

  

Public Transport Access: 

  

o  

Proximity to bus/metro reduces carbon footprint. 

o  

  

Green Landscaping: 

  

o  

Native vegetation reduces water demand and supports biodiversity. 

o  

 

2.6 Waste Management 

  

Construction Waste Minimization: 

  

o  

Segregation and recycling of concrete, steel, and wood during construction. 

o  

  

Operational Waste Handling: 

  

o  

Composting organic waste and promoting recycling bins in buildings. 

o  



 

2.7 Renewable Energy Integration 

  

Solar Energy: 

  

o  

Rooftop solar for electricity and water heating. 

o  

  

Wind Energy: 

  

o  

Hybrid wind-solar systems for corporate campuses. 

o  

  

Example: 

Suzlon One Earth is fully powered by renewable energy. 

  

 

2.8 Smart Building Technologies 

  

Building Automation Systems (BAS): 

  

o  

Monitoring lighting, temperature, and energy usage in real-time. 

o  

  

IoT Integration: 

  

o  



Smart sensors for occupancy-based energy adjustments. 

o  

 

3. Economic and Environmental Benefits of Features 

  

Reduces operational costs by 20–40%. 

  

  

Minimizes greenhouse gas emissions. 

  

  

Improves indoor air quality and occupant health. 

  

  

Enhances property value and investor appeal. 

  

 

4. Case Studies 

Godrej Garden City, Ahmedabad 

  

IGBC-certified township integrating energy-efficient lighting and rainwater harvesting. 

  

Mahindra Lifespaces, Chennai 

  

Low-flow water fixtures and solar-powered common areas reduce operational costs. 

  

 

5. Diagram (Descriptive) 



Central Node: Green Building Features → Branches: Energy, Water, Materials, IEQ, Site, Waste, 

Renewable, Smart Tech. 

 

6. Conclusion 

Green building features provide a blueprint for sustainable construction, addressing environmental 

concerns and improving quality of life. Integrating these features in residential, commercial, and 

industrial sectors ensures alignment with national climate goals and global sustainability benchmarks. 

10: Material and Resources in Green 

Buildings 

 

1. Introduction 

Materials and resources form the foundation of sustainable construction. Green buildings prioritize 

materials that are eco-friendly, durable, locally sourced, and recyclable, reducing both embodied energy 

and environmental impact over the building lifecycle. 

 

2. Importance of Sustainable Materials 

  

Reduce Carbon Footprint: Lower greenhouse gas emissions during production and transport. 

  

  

Conserve Natural Resources: Use renewable or recycled materials instead of virgin resources. 

  

  

Enhance Indoor Air Quality: Low-VOC paints and adhesives ensure healthier indoor environments. 

  

  

Cost Efficiency: Lifecycle cost savings through durable, low-maintenance materials. 

  

 

3. Types of Green Building Materials 



 

3.1 Recycled and Reused Materials 

  

Fly Ash Bricks: By-products from thermal power plants; reduce use of clay and cement. 

  

  

Recycled Steel: Minimizes mining of iron ore; highly recyclable without loss of quality. 

  

  

Reclaimed Wood: Used in flooring, furniture; reduces deforestation. 

  

  

Example: 

Infosys campuses use recycled steel and fly ash bricks extensively. 

  

 

3.2 Rapidly Renewable Materials 

  

Bamboo: Grows rapidly, strong alternative to wood. 

  

  

Cork: Harvested from bark without harming trees; ideal for flooring and insulation. 

  

  

Jute and Coir: Used in panels and mats; biodegradable and abundant in India. 

  

 

3.3 Locally Sourced Materials 

  

Minimizes transportation energy and supports local economies. 

  

  



Materials like laterite stone, mud blocks, lime plaster commonly used in rural eco-construction. 

  

 

3.4 Low-Emission Materials 

  

Low-VOC Paints and Adhesives: Reduce indoor pollutants. 

  

  

Formaldehyde-Free Plywood: Improves indoor air quality. 

  

  

Example: 

ITC Green Centre uses low-VOC paints, enhancing occupant health. 

  

 

3.5 Innovative Eco-Materials 

  

Green Concrete: Incorporates fly ash, slag, and silica fume to reduce cement usage. 

  

  

Phase Change Materials (PCMs): Regulate indoor temperature by storing/releasing thermal energy. 

  

  

Aerated Autoclaved Concrete (AAC) Blocks: Lightweight, energy-efficient building blocks. 

  

 

4. Resource Efficiency in Green Buildings 

 

4.1 Efficient Material Use 

  



Modular Construction: Prefabrication reduces waste and speeds up construction. 

  

  

Optimized Design: Reduces over-specification and excess material use. 

  

 

4.2 Waste Reduction 

  

Construction Waste Management: Recycling and reusing demolition debris. 

  

  

Operational Waste Handling: Segregation, composting, and recycling programs for occupants. 

  

 

4.3 Life Cycle Assessment (LCA) 

  

Evaluates environmental impact of materials from extraction to disposal. 

  

  

Helps compare alternatives for lowest embodied energy and highest durability. 

  

 

5. Rating System Credits for Materials (LEED/IGBC/GRIHA) 

  

Points awarded for: 

  

o  

Recycled content 

o  
o  



Local sourcing (within 500 km) 

o  
o  

Use of rapidly renewable resources 

o  
o  

Low-VOC and certified wood products 

o  

 

6. Case Studies 

CII Godrej Green Business Centre 

  

96% of construction waste recycled. 

  

  

Extensive use of fly ash in concrete. 

  

Suzlon One Earth 

  

Used 50% recycled content and regionally sourced materials. 

  

 

7. Economic and Environmental Benefits 

  

Cost Savings: Reduced transportation and energy costs. 

  

  

Durability: Longer lifespan reduces replacement frequency. 

  

  



Reduced Emissions: Lower embodied carbon footprint. 

  

 

8. Diagram (Descriptive) 

Central Node: Materials & Resources → Branches: Recycled, Renewable, Local, Low-Emission, 

Innovative. 

 

9. Conclusion 

Choosing sustainable materials and optimizing resource use are key pillars of green building design. They 

reduce environmental degradation, improve occupant health, and contribute to certifications like LEED, 

IGBC, and GRIHA. Adoption of these practices is vital for India’s path to sustainable development. 

11: Water Efficiency in Green Buildings 

 

1. Introduction 

Water efficiency is a critical component of green building design. It focuses on minimizing water usage, 

recycling wastewater, and optimizing landscape irrigation without compromising occupant needs. Given 

India’s water scarcity challenges, integrating water-efficient practices is vital for both environmental 

sustainability and cost savings. 

 

2. Importance of Water Efficiency 

  

Water Scarcity in India: Over 600 million people face high to extreme water stress (NITI Aayog). 

  

  

Environmental Protection: Reduces groundwater depletion and supports natural ecosystems. 

  

  

Cost Reduction: Minimizes water bills for residential and commercial users. 

  

  



Certification Credits: Water efficiency is a key credit category in IGBC, LEED, and GRIHA rating 

systems. 

  

 

3. Strategies for Water Efficiency 

 

3.1 Rainwater Harvesting (RWH) 

  

Collecting and storing rainwater from rooftops or paved surfaces. 

  

  

Uses: 

  

o  

Domestic water supply 

o  
o  

Groundwater recharge 

o  
o  

Landscaping 

o  

  

Example: 

Infosys campuses harvest millions of liters annually, reducing freshwater dependency. 

  

 

3.2 Low-Flow Plumbing Fixtures 

  

Dual Flush Toilets: Save up to 67% water compared to conventional systems. 

  

  



Aerated Faucets and Showerheads: Reduce flow without affecting user comfort. 

  

  

Example: 

ITC Hotels employ low-flow fixtures across properties, achieving 30–40% water savings. 

  

 

3.3 Greywater Recycling 

  

Reusing treated wastewater from sinks, showers, and laundry for flushing and landscaping. 

  

  

Reduces demand on municipal supply and lowers discharge to sewage systems. 

  

 

3.4 Efficient Landscaping 

  

Xeriscaping: Use of drought-tolerant native plants requiring minimal irrigation. 

  

  

Drip Irrigation: Supplies water directly to plant roots, minimizing evaporation losses. 

  

  

Example: 

Suzlon One Earth uses native plants and drip systems, reducing landscape water use by 50%. 

  

 

3.5 Smart Water Management Systems 

  

IoT-based sensors for leak detection and consumption monitoring. 

  

  



Automated irrigation schedules linked to weather forecasts. 

  

 

4. Water Efficiency in Building Rating Systems 

 

4.1 LEED 

  

Water Efficiency (WE) Credits: Points for indoor/outdoor water reduction, metering, and 

alternative water sources. 

  

4.2 IGBC 

  

Credits for rainwater harvesting, efficient fixtures, and wastewater treatment/reuse. 

  

4.3 GRIHA 

  

Emphasis on minimizing potable water use for construction and operation. 

  

 

5. Case Studies 

CII Godrej Green Business Centre 

  

Reduced potable water use by 35% via efficient fixtures and RWH systems. 

  

Mahindra World City, Chennai 

  

Treats and reuses 100% wastewater for landscaping and flushing. 



  

 

6. Benefits of Water Efficiency 

  

Reduces operational costs and dependence on municipal water supply. 

  

  

Enhances resilience during droughts or supply shortages. 

  

  

Contributes to higher green building ratings (LEED Gold/Platinum, IGBC). 

  

  

Improves sustainability of urban developments. 

  

 

7. Diagram (Descriptive) 

Central Node: Water Efficiency Strategies 

Branches: Rainwater Harvesting → Greywater Recycling → Low-Flow Fixtures → Efficient Landscaping 

→ Smart Monitoring. 

 

8. Conclusion 

Water efficiency measures in green buildings are essential for sustainable development, especially in water-

stressed regions. By integrating rainwater harvesting, greywater reuse, efficient fixtures, and smart 

systems, buildings can reduce freshwater demand by up to 50%, aligning with national water conservation 

goals. 

12: Optimum Energy Efficiency in Green 

Buildings 

 

1. Introduction 



Energy efficiency is a cornerstone of green building design, focusing on reducing energy consumption 

through innovative design, efficient technologies, and renewable energy integration. With India’s 

rapidly growing energy demand and dependence on fossil fuels, optimizing energy efficiency in buildings is 

crucial for lowering operational costs and reducing greenhouse gas emissions. 

 

2. Importance of Energy Efficiency 

  

Environmental Impact: Buildings contribute nearly 30-35% of total energy consumption in India. 

  

  

Economic Benefits: Reduces electricity bills by 20–40%. 

  

  

Grid Stability: Lowers peak load demand and enhances energy security. 

  

  

Sustainability Goals: Supports India’s Net-Zero Emissions Target 2070. 

  

 

3. Strategies for Achieving Optimum Energy Efficiency 

 

3.1 Passive Design Techniques 

  

Building Orientation: 

  

o  

Aligning buildings to maximize natural daylight and ventilation. 

o  

  

Thermal Mass: 

  
o  



Using materials like stone and concrete to stabilize indoor temperature. 

o  

  

Shading Devices: 

  

o  

Louvers, green walls, and overhangs reduce solar heat gain. 

o  

  

Example: 

Infosys Mysore campus reduced cooling loads by 30% through passive strategies. 

  

 

3.2 High-Performance Building Envelope 

  

Insulation: Minimizes heat transfer through walls and roofs. 

  

  

Low-E Glass: Reflects infrared radiation, reducing heat gain. 

  

  

Cool Roofs: High reflectivity materials reduce urban heat island effect. 

  

 

3.3 Energy-Efficient Lighting 

  

LED Fixtures: 80% less energy consumption compared to incandescent bulbs. 

  

  

Daylighting Integration: Maximizing natural light to reduce artificial lighting needs. 

  

  



Occupancy Sensors: Automatic switching off when spaces are unoccupied. 

  

 

3.4 HVAC (Heating, Ventilation, and Air Conditioning) Efficiency 

  

Variable Frequency Drives (VFD): Adjust motor speeds based on load. 

  

  

Energy Recovery Ventilators (ERV): Recover energy from exhaust air to precondition incoming 

fresh air. 

  

  

Efficient Equipment: Use of high COP (Coefficient of Performance) chillers. 

  

 

3.5 Renewable Energy Integration 

  

Solar Photovoltaic (PV) Systems: Onsite electricity generation. 

  

  

Solar Thermal: For water heating applications. 

  

  

Hybrid Systems: Combining wind, solar, and battery storage for energy autonomy. 

  

 

3.6 Smart Energy Management 

  

Building Management Systems (BMS): 

  

o  



Real-time monitoring and control of lighting, HVAC, and appliances. 

o  

  

IoT Integration: 

  

o  

Smart meters and sensors to track consumption and optimize loads. 

o  

 

4. Energy Efficiency in Green Building Rating Systems 

 

4.1 LEED 

  

Energy and Atmosphere (EA) credits focus on reduced energy use, renewable energy integration, 

and commissioning. 

  

4.2 IGBC 

  

Points awarded for energy performance improvement beyond ECBC standards. 

  

4.3 GRIHA 

  

Emphasizes reducing operational energy consumption and incorporating onsite renewable energy. 

  

 

5. Case Studies 

ITC Green Centre, Gurgaon 

  



Achieved 40% energy savings through efficient lighting and HVAC systems. 

  

Suzlon One Earth, Pune 

  

100% powered by renewable energy, setting a benchmark for corporate campuses. 

  

 

6. Benefits of Optimum Energy Efficiency 

  

Cost Savings: Reduced operational expenditure. 

  

  

Environmental Gains: Lower carbon footprint and energy-related emissions. 

  

  

Enhanced Comfort: Better indoor thermal comfort and lighting quality. 

  

  

Higher Market Value: Energy-efficient properties attract premium valuation. 

  

 

7. Diagram (Descriptive) 

Central Node: Energy Efficiency Measures 

Branches: Passive Design → Building Envelope → Efficient Lighting → HVAC → Renewable Integration 

→ Smart Management. 

 

8. Conclusion 

Optimum energy efficiency in green buildings is achieved through integrated design and advanced 

technologies. Combining passive strategies with efficient systems and renewable energy can reduce energy 

consumption by 30-50%, aligning with national and global sustainability goals. 



13: Typical Energy-Saving Approaches in 

Buildings 

 

1. Introduction 

Energy-saving approaches in green buildings aim to reduce operational energy use without 

compromising occupant comfort. These strategies integrate passive architectural design, energy-

efficient systems, and renewable energy technologies to ensure sustainability. 

 

2. Importance of Energy-Saving Approaches 

  

Economic: Reduces energy costs by 20–50% throughout the building lifecycle. 

  

  

Environmental: Minimizes greenhouse gas emissions and mitigates climate change. 

  

  

National Goal: Contributes to India’s energy security and Net Zero 2070 target. 

  

  

Certification: Key credit category in IGBC, LEED, and GRIHA rating systems. 

  

 

3. Categories of Energy-Saving Approaches 

 

3.1 Passive Architectural Design 

  

Building Orientation: 

  

o  



Maximizes natural light and ventilation. 

o  
o  

Reduces dependency on artificial lighting and cooling. 

o  

  

Shading Elements: 

  
o  

Use of overhangs, green walls, pergolas to limit solar heat gain. 

o  

  

Thermal Mass and Insulation: 

  

o  

Stabilizes indoor temperature using high-mass materials (stone, AAC blocks). 

o  

Example: 

Infosys Pune campus achieved 30% reduction in cooling loads through orientation and shading. 

 

3.2 Energy-Efficient Building Envelope 

  

High-Performance Glazing: 

  

o  

Low-E and double-glazed windows minimize heat ingress. 

o  

  

Reflective Roofs: 

  

o  

“Cool roofs” with high albedo coatings reduce heat island effects. 



o  

  

Insulated Walls: 

  

o  

Keeps interiors cooler in summer and warmer in winter. 

o  

 

3.3 Efficient Lighting Systems 

  

LED Lighting: 

  

o  

Consumes 80% less energy than incandescent bulbs. 

o  

  

Daylight Integration: 

  

o  

Skylights and clerestories maximize natural light. 

o  

  

Occupancy and Daylight Sensors: 

  

o  

Automatic control of lights based on presence or sunlight levels. 

o  

 

3.4 Efficient HVAC Systems 

  



Variable Refrigerant Flow (VRF) Systems: 

  

o  

Adapt cooling needs dynamically. 

o  

  

Energy Recovery Ventilators (ERV): 

  

o  

Precondition incoming air with energy from exhaust air. 

o  

  

Demand-Controlled Ventilation: 

  

o  

Adjusts ventilation rates based on occupancy CO₂ levels. 

o  

 

3.5 Renewable Energy Applications 

  

Solar Photovoltaic (PV) Panels: 

  

o  

Onsite electricity generation reduces grid dependency. 

o  

  

Solar Thermal Water Heating: 

  

o  

Cuts down electricity for domestic hot water needs. 



o  

  

Hybrid Systems: 

  

o  

Combination of wind and solar power for greater reliability. 

o  

 

3.6 Energy Monitoring and Control 

  

Building Management Systems (BMS): 

  

o  

Centralized energy monitoring for lighting and HVAC systems. 

o  

  

IoT-Enabled Smart Meters: 

  

o  

Provides real-time data for optimizing energy use. 

o  

 

3.7 Appliances and Equipment 

  

Energy Star-Rated Devices: 

  

o  

High-efficiency refrigerators, pumps, and fans. 

o  

  



Variable Frequency Drives (VFDs): 

  

o  

Adjust motor speeds to reduce energy waste. 

o  

 

4. Energy-Saving in Operation and Maintenance 

  

Regular Energy Audits: 

  

o  

Identifies inefficiencies and corrective actions. 

o  

  

Preventive Maintenance: 

  

o  

Ensures systems run at peak efficiency. 

o  

  

Occupant Awareness Programs: 

  

o  

Educating users to adopt energy-conscious behavior. 

o  

 

5. Case Studies 

ITC Green Centre, Gurgaon 

  



Reduced energy consumption by 40% through high-performance glazing, efficient HVAC, and 

daylighting. 

  

Suzlon One Earth, Pune 

  

Achieved 100% renewable energy operation via wind-solar hybrid system. 

  

Infosys Bangalore Campus 

  

Integrated passive design and advanced lighting control for 30–35% energy savings. 

  

 

6. Benefits 

  

Reduces energy costs by 20–50%. 

  

  

Enhances occupant comfort and productivity. 

  

  

Minimizes carbon footprint and aligns with global sustainability goals. 

  

  

Improves chances of achieving LEED/IGBC Platinum certifications. 

  

 

7. Diagram (Descriptive) 

Central Node: Energy-Saving Approaches 

Branches: Passive Design → Envelope → Lighting → HVAC → Renewable Energy → Smart Monitoring 

→ Appliances. 



 

8. Conclusion 

Typical energy-saving approaches combine design efficiency, smart systems, and renewable energy 

integration to optimize building performance. Their adoption ensures economic savings, environmental 

protection, and improved user comfort, making them indispensable in modern green building practices. 

14: LEED India Rating System 

 

1. Introduction 

The Leadership in Energy and Environmental Design (LEED) rating system is one of the most widely 

recognized global frameworks for certifying green buildings. In India, LEED India is adapted by the 

Indian Green Building Council (IGBC) to suit Indian climatic conditions and construction practices. It 

provides guidelines, benchmarks, and credits for designing, constructing, and operating environmentally 

responsible buildings. 

 

2. Objectives of LEED India 

  

Promote sustainable site development and eco-friendly construction practices. 

  

  

Reduce energy and water consumption in buildings. 

  

  

Encourage use of sustainable materials and indoor environmental quality. 

  

  

Provide recognition to green-certified buildings and increase market value. 

  

  

Support India’s climate action goals and transition to net-zero emissions. 

  

 



3. Structure of LEED Rating System 

LEED certification is based on a credit point system, where projects earn points across several categories: 

 

3.1 Credit Categories 

1.  

Sustainable Sites (SS): 

2.  

o  

Site selection, minimizing disturbance to ecosystems. 

o  
o  

Alternative transportation (bicycle facilities, public transit proximity). 

o  

3.  

Water Efficiency (WE): 

4.  

o  

Indoor water use reduction via low-flow fixtures. 

o  
o  

Outdoor water use reduction via xeriscaping and efficient irrigation. 

o  

5.  

Energy and Atmosphere (EA): 

6.  

o  

Energy optimization through efficient HVAC and lighting. 

o  
o  



Onsite renewable energy integration and commissioning. 

o  

7.  

Materials and Resources (MR): 

8.  

o  

Use of recycled and regional materials. 

o  
o  

Construction and demolition waste management. 

o  

9.  

Indoor Environmental Quality (IEQ): 

10.  

o  

Improved ventilation, daylighting, low-VOC materials. 

o  
o  

Thermal and acoustic comfort for occupants. 

o  

11.  

Innovation in Design (ID): 

12.  

o  

Extra credits for unique sustainability solutions beyond standard criteria. 

o  

 

3.2 Certification Levels 

  



Certified: 40–49 points 

  

  

Silver: 50–59 points 

  

  

Gold: 60–79 points 

  

  

Platinum: 80+ points 

  

 

4. LEED India Adaptation 

  

Adapted to Indian climatic zones (hot-dry, warm-humid, composite, temperate). 

  

  

Addresses local construction materials and water efficiency requirements. 

  

  

Focuses on affordable green building solutions for Indian real estate. 

  

 

5. Types of LEED Rating Systems in India 

  

LEED India NC (New Construction): For new building projects. 

  

  

LEED India CS (Core & Shell): For base building elements (structure, envelope). 

  

  



LEED India EB (Existing Buildings): For operational efficiency upgrades. 

  

  

LEED India Homes: For residential buildings and apartments. 

  

 

6. Process of LEED Certification 

 

6.1 Registration 

  

Register project with IGBC/USGBC via LEED Online portal. 

  

6.2 Documentation 

  

Submit design and construction data demonstrating compliance with credits. 

  

6.3 Review 

  

Independent review by LEED-accredited professionals. 

  

6.4 Certification Award 

  

Awarded after verification, valid for a defined operational period. 

  

 

7. Benefits of LEED Certification 

 



7.1 Environmental 

  

Reduced carbon footprint, energy and water consumption. 

  

  

Encourages biodiversity and eco-sensitive site selection. 

  

7.2 Economic 

  

Operational savings of 20–40% on energy and water. 

  

  

Enhanced property value and marketability. 

  

7.3 Social 

  

Improved indoor air quality and occupant health. 

  

  

Recognition as a sustainable corporate or residential project. 

  

 

8. Case Studies 

CII Godrej Green Business Centre, Hyderabad 

  

First LEED Platinum-certified building in India. 

  

  

55% energy savings, 35% water savings. 

  



Suzlon One Earth, Pune 

  

LEED Platinum-certified corporate campus. 

  

  

Powered entirely by renewable energy. 

  

 

9. Challenges in LEED India Implementation 

  

Perception of high certification costs. 

  

  

Limited awareness in tier-2 and tier-3 cities. 

  

  

Requirement of skilled professionals for documentation and compliance. 

  

 

10. Diagram (Descriptive) 

Central Node: LEED India Rating System 

Branches: Credit Categories → Certification Levels → Adaptation → Benefits. 

 

11. Conclusion 

The LEED India Rating System provides a structured pathway for achieving sustainable construction 

and operations. It integrates global best practices with local needs, making it an effective tool for India’s 

journey toward green and net-zero buildings. As awareness and policy support increase, LEED will 

continue to shape India’s green building movement. 

15: Energy Efficiency in Green Buildings 

 



1. Introduction 

Energy efficiency is one of the core pillars of green building design. It ensures that buildings consume 

less energy, reduce operating costs, and minimize their environmental impact. By combining passive 

architectural design, energy-efficient systems, and renewable energy technologies, green buildings 

contribute significantly to India’s sustainable development goals and its commitment to Net Zero by 2070. 

 

2. Significance of Energy Efficiency in Green Buildings 

  

Environmental Impact Reduction: 

  
o  

Buildings account for ~35% of India’s energy use and ~40% of CO₂ emissions. 

o  

  

Cost Savings: 

  

o  

Energy-efficient measures reduce operational energy bills by 20–50%. 

o  

  

Grid Stability: 

  

o  

Reduces peak demand, lowering dependence on fossil fuels. 

o  

  

Sustainability Targets: 

  

o  

Supports IGBC, GRIHA, and LEED certifications and aligns with Paris Agreement goals. 

o  



 

3. Key Principles of Energy Efficiency 

1.  

Reduce Energy Demand – through passive design (orientation, insulation). 

2.  

3.  

Improve Energy Performance – by using efficient lighting and HVAC systems. 

4.  

5.  

Integrate Renewable Energy – to offset remaining energy needs. 

6.  

7.  

Smart Monitoring and Management – continuous tracking of energy usage. 

8.  

 

4. Energy-Efficient Design Strategies 

 

4.1 Passive Design Measures 

  

Optimize building orientation to maximize daylight and natural ventilation. 

  

  

Use thermal mass (stone, concrete) to stabilize indoor temperatures. 

  

  

Employ shading devices (louvers, overhangs) to reduce heat gain. 

  

 

4.2 Building Envelope Optimization 

  



Insulated Walls and Roofs: 

  

o  

Prevents heat transfer between indoors and outdoors. 

o  

  

Low-E Glazing: 

  

o  

Minimizes solar heat while allowing visible light. 

o  

  

Cool Roofs: 

  

o  

Reflect sunlight, reducing cooling loads and urban heat island effects. 

o  

 

4.3 Efficient Lighting Systems 

  

LED Fixtures: 

  

o  

80% less energy than incandescent lamps. 

o  

  

Daylighting Integration: 

  

o  

Clerestories and skylights reduce artificial lighting needs. 



o  

  

Occupancy Sensors: 

  

o  

Automatically switch off lights in unoccupied areas. 

o  

 

4.4 Efficient HVAC Systems 

  

High Coefficient of Performance (COP) chillers and variable refrigerant flow (VRF) systems. 

  

  

Energy Recovery Ventilators (ERVs): 

  

o  

Recover waste energy from exhaust air. 

o  

  

Demand-Controlled Ventilation: 

  

o  

Adjust airflow based on occupancy levels. 

o  

 

4.5 Renewable Energy Integration 

  

Solar Photovoltaic (PV): 

  

o  



Onsite renewable electricity generation. 

o  

  

Solar Thermal Water Heating: 

  

o  

Cuts energy for domestic water heating by 60–70%. 

o  

  

Hybrid Wind-Solar Systems: 

  

o  

Power supply for remote or off-grid buildings. 

o  

 

4.6 Smart Energy Management 

  

Building Management Systems (BMS): 

  

o  

Real-time monitoring of energy performance. 

o  

  

IoT and AI Algorithms: 

  

o  

Predictive energy optimization for lighting and HVAC. 

o  

 

5. Energy Efficiency Metrics 



  

Energy Use Intensity (EUI): 

  

o  

Energy consumption per square meter of built area. 

o  

  

Power Usage Effectiveness (PUE): 

  

o  

Metric for data centers measuring energy efficiency. 

o  

  

Energy Performance Index (EPI): 

  

o  

Used in GRIHA and ECBC compliance. 

o  

 

6. Role of Energy Codes and Standards 

  

Energy Conservation Building Code (ECBC): 

  

o  

Mandates minimum energy efficiency for commercial buildings. 

o  

  

National Building Code (NBC): 

  

o  



Integrates sustainability guidelines for new constructions. 

o  

  

IGBC/LEED/GRIHA: 

  

o  

Provide credit points for exceeding baseline energy performance. 

o  

 

7. Case Studies 

ITC Green Centre, Gurgaon 

  

40% reduction in energy consumption with efficient lighting and HVAC. 

  

Infosys Mysore Campus 

  

Achieved 30% energy savings through passive cooling and renewable integration. 

  

Suzlon One Earth, Pune 

  

100% powered by renewable energy (wind and solar). 

  

 

8. Benefits of Energy Efficiency 

  

Economic: 

  

o  



Lower electricity bills and higher property valuation. 

o  

  

Environmental: 

  

o  

Reduced carbon emissions and fossil fuel dependency. 

o  

  

Social: 

  

o  

Enhanced indoor comfort and occupant well-being. 

o  

 

9. Challenges 

  

Perceived high upfront costs despite lifecycle savings. 

  

  

Lack of awareness and skilled workforce in smaller markets. 

  

  

Integration difficulties with existing buildings during retrofitting. 

  

 

10. Diagram (Descriptive) 

Central Node: Energy Efficiency in Green Buildings 

Branches: Passive Design → Envelope Optimization → Efficient Systems → Renewable Energy → Smart 

Monitoring. 

 



11. Conclusion 

Energy efficiency in green buildings is achieved by integrating passive and active strategies with 

renewable energy sources and intelligent controls. It results in significant cost savings, reduced 

environmental impact, and improved occupant health, making it essential for India’s sustainable 

development and global climate commitments. 
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