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Definition of Green Building 

A Green Building is a structure that is designed, constructed, and operated in a way that 
reduces negative impacts on the environment and improves the health and comfort of 
occupants throughout its life cycle. 

It focuses on: 

 Efficient use of energy 
 Efficient use of water 
 Use of eco-friendly materials 
 Reduction of waste and pollution 
 Better indoor air quality 

Simple Definition: 
A green building is an environmentally responsible and resource-efficient building from 
planning to demolition. 

 

Objectives of Green Building 

 To conserve natural resources 
 To reduce energy consumption 
 To minimize pollution and waste 
 To provide healthy living conditions 
 To promote sustainable development 

 

Benefits of Green Building 

A. Environmental Benefits 

1. Energy Conservation – Use of solar panels, LED lights, natural lighting reduces 
electricity consumption. 

2. Water Conservation – Rainwater harvesting and low-flow fixtures save water. 
3. Reduced Pollution – Less emission of harmful gases. 
4. Waste Reduction – Recycling and reuse of materials. 
5. Protection of Ecosystem – Less damage to forests and natural habitats. 

 

B. Economic Benefits 

1. Lower Operating Cost – Reduced electricity and water bills. 
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2. Higher Property Value – Green buildings have better market demand. 
3. Reduced Maintenance Cost – Durable and quality materials are used. 
4. Long-Term Savings – Initial cost may be high but lifecycle cost is low. 

 

C. Social / Health Benefits 

1. Better Indoor Air Quality 
2. Improved Comfort – Proper ventilation and lighting. 
3. Increased Productivity – Healthier environment improves efficiency. 
4. Reduced Health Problems – Less allergies and respiratory issues. 

 

Components / Features of Green Building 

1. Site Selection and Planning 

 Choose site with minimum environmental damage. 
 Near public transport to reduce fuel use. 
 Preserve natural trees and landscape. 

 

2. Energy Efficiency 

 Use of solar panels and renewable energy. 
 Proper building orientation for sunlight and wind. 
 LED lighting and energy-efficient appliances. 
 Insulation to reduce heat gain/loss. 

 

3. Water Efficiency 

 Rainwater Harvesting 
 Low-flow taps and dual-flush toilets 
 Grey water recycling for gardening. 
 Drip irrigation systems. 

 

4. Sustainable Building Materials 

 Use of locally available materials 
 Recycled steel, fly ash bricks, bamboo. 
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 Non-toxic paints and adhesives. 
 Materials with low embodied energy. 

 

5. Indoor Environmental Quality 

 Adequate natural lighting 
 Proper ventilation 
 Use of low VOC paints 
 Noise control measures. 

 

6. Waste Management 

 Segregation of waste. 
 Recycling and reuse of construction waste. 
 Composting organic waste. 

 

7. Renewable Energy Use 

 Solar water heaters. 
 Wind energy (where possible). 
 Biogas plants. 

 

8. Landscaping and Green Areas 

 Roof gardens and vertical gardens. 
 Plantation of native plants. 
 Reduction of heat island effect. 

 

Green Building Rating Systems  

 LEED (Leadership in Energy and Environmental Design) 
 GRIHA (India) 
 IGBC (Indian Green Building Council) 

These systems certify buildings based on sustainability performance. 
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Conclusion 

Green buildings are essential for sustainable development. They help in saving energy, 
water, and resources, reduce pollution, and provide a healthy and comfortable 
environment. Though the initial construction cost may be slightly higher, the long-term 
environmental and economic benefits are significant. 

 

 

ENERGY EFFICIENCY 

Definition 

Energy Efficiency means using less energy to perform the same work without reducing 
comfort or performance. 

Example: 
Using LED bulb instead of incandescent bulb → same light but less electricity. 

Objectives 

 Reduce electricity consumption 
 Lower energy bills 
 Reduce pollution & carbon emission 
 Conserve natural resources (coal, oil, gas) 

Methods to Improve Energy Efficiency 

1. Building Design 

 Proper orientation of building 
 Maximum natural lighting 
 Cross ventilation 
 Use of shading devices 

2. Efficient Appliances 

 LED lights 
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 5-Star rated AC, Refrigerator, Fans 
 Inverter technology 

3. Insulation 

 Wall insulation 
 Roof insulation 
 Double glazed windows 

4. Renewable Energy Use 

 Solar panels 
 Solar water heaters 
 Wind energy 

ENERGY BENCHMARK 

Definition 

Energy Benchmark is a standard value or reference point used to compare the energy 
performance of buildings. 

It answers: 
“Is this building using more or less energy compared to similar buildings?” 

Purpose 

 Measure building performance 
 Identify energy wastage 
 Improve efficiency 
 Certification (LEED, GRIHA, BEE ratings) 

Common Units 

 kWh/m²/year (Kilowatt hour per square meter per year) 
 Energy Use Intensity (EUI) 

Example 

If two buildings have: 

 Building A = 150 kWh/m²/year 
 Building B = 80 kWh/m²/year 

Building B is more energy efficient. 
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WATER EFFICIENCY 

Definition 

Water Efficiency means using minimum water without waste and maintaining 
performance. 

Objectives 

 Reduce water consumption 
 Save groundwater 
 Lower water bills 
 Sustainable development 

Methods 

1. Low Flow Fixtures 

 Low flow taps 
 Dual flush toilets 
 Sensor taps 

2. Leak Prevention 

 Regular maintenance 
 Proper plumbing 

3. Smart Irrigation 

 Drip irrigation 
 Sprinkler systems 

4. Reuse Systems 

 Grey water recycling 
 Rainwater harvesting 
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RAIN WATER USE (RAINWATER HARVESTING) 

Definition 

Rainwater Harvesting is the process of collecting, storing, and using rainwater for future 
use. 

Uses 

 Drinking (after filtration) 
 Gardening 
 Toilet flushing 
 Groundwater recharge 

Components 

1. Catchment Area (Roof) 
2. Gutters & Pipes 
3. Filter Unit 
4. Storage Tank / Recharge Pit 

 

GREY WATER USE 

Definition 

Grey Water is wastewater from bathrooms, sinks, washing machines (NOT from toilets). 

It can be treated and reused. 

Sources of Grey Water 

 Hand wash basins 
 Showers 
 Laundry 
 Kitchen sink (sometimes) 

 



UNIT 1 – GREEN BUILDING DESIGN & FEATURES  Mr. PANKAJ GOLCHHA 

DEPARTMENT OF CIVIL ENGINEERING, GOVERNMENT COED POLYTECHNIC RAIPUR 
 

X
PANKAJ GOLCHHA

LECTURER GCEPR

Uses After Treatment 

 Gardening 
 Toilet flushing 
 Cleaning floors 
 Landscaping 

 

Topic        Main Aim       Benefit 

Energy Efficiency        Save Electricity               Lower bills 

Energy Benchmark       Measure Energy Use         Performance comparison 

Water Efficiency          Save Water              Sustainability 

Rainwater Use          Collect Rain         Groundwater recharge 

Grey Water Use       Reuse Wastewater       Reduce fresh water demand 
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LECTURE 3 

MATERIAL EFFICIENCY 

Definition 

Material efficiency means using construction materials in such a way that minimum waste 
is produced and maximum life and performance are achieved. 

Objectives 

 Reduce consumption of natural resources. 
 Reduce construction cost. 
 Minimize waste generation. 
 Increase durability of building. 

Methods to Achieve Material Efficiency 

1. Use of Recycled Materials 
o Fly ash bricks 
o Recycled steel 
o Reused wood and tiles 
o Plastic recycled boards 

2. Use of Local Materials 
o Reduces transportation cost and pollution. 
o Example: local stone, sand, bricks. 

3. Modular Design 
o Designing rooms in standard sizes. 
o Reduces cutting and wastage of materials. 

4. Durable Materials 
o Materials with long life like RCC, treated wood, aluminium. 
o Less maintenance cost. 

5. Construction Waste Management 
o Segregation of waste. 
o Reusing concrete debris for road base. 

Advantages 

 Cost saving 
 Environmental protection 
 Better building life 
 Reduced landfill waste 
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INDOOR AIR QUALITY (IAQ) 

Definition 

Indoor Air Quality refers to the quality and cleanliness of air inside buildings which affects 
human health and comfort. 

Factors Affecting IAQ 

 Ventilation 
 Humidity 
 Dust and pollutants 
 Chemicals from paints and furniture 
 Smoking and cooking fumes 

Methods to Improve IAQ 

1. Proper Ventilation 
o Cross ventilation through windows. 
o Exhaust fans in kitchen and toilets. 

2. Air Filtration Systems 
o HVAC filters. 
o Air purifiers. 

3. Low VOC Materials 
o VOC = Volatile Organic Compounds. 
o Use low-VOC paints, adhesives, varnishes. 

4. Indoor Plants 
o Snake plant, money plant, aloe vera. 
o Absorb CO₂ and pollutants. 

5. Moisture Control 
o Prevent leakage. 
o Avoid fungus and mold growth. 

Effects of Poor IAQ 

 Headache 
 Allergies 
 Asthma 
 Fatigue 
 Sick Building Syndrome 
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THERMAL COMFORT (TEMPERATURE CONTROL) 

Definition 

Thermal comfort means maintaining a comfortable indoor temperature so that occupants 
feel neither too hot nor too cold. 

Factors Affecting Thermal Comfort 

 Outdoor climate 
 Building orientation 
 Insulation 
 Air movement 
 Sunlight exposure 

Methods to Achieve Thermal Comfort 

1. Insulation 
o Roof insulation sheets. 
o Cavity walls. 
o False ceilings. 

2. Glazing 
o Double-glazed windows. 
o Reflective glass reduces heat entry. 

3. Passive Design 
o Building orientation towards north/south. 
o Shading devices like chajjas and louvers. 
o Courtyards for airflow. 

4. Efficient HVAC Systems 
o Air conditioners with high star rating. 
o Ceiling fans and ventilators. 

5. Cool Roof Techniques 
o White coating. 
o Green roofs. 

Benefits 

 Reduced electricity consumption. 
 Increased occupant comfort. 
 Improved productivity. 
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VISUAL COMFORT (LIGHTING COMFORT) 

Definition 

Visual comfort means providing sufficient and glare-free lighting so that people can see 
clearly without eye strain. 

Elements of Visual Comfort 

 Natural daylight 
 Artificial lighting 
 Glare control 
 Color contrast 
 Outside view 

Methods to Improve Visual Comfort 

1. Maximize Natural Light 
o Large windows. 
o Skylights. 
o Glass doors. 

2. Quality Artificial Lighting 
o LED lights. 
o Proper placement of fixtures. 

3. Glare Reduction 
o Curtains, blinds. 
o Matte wall finishes. 

4. Proper Color Selection 
o Light colors reflect light. 
o Dark colors absorb light. 

5. View to Outdoors 
o Windows facing gardens or open spaces. 

Benefits 

 Reduced electricity cost. 
 Better eyesight comfort. 
 Increased productivity in offices and classrooms. 
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ACOUSTICS (SOUND COMFORT) 

Definition 

Acoustics deals with control of sound inside buildings to reduce noise and improve clarity 
of speech and sound. 

Sources of Noise 

 Traffic 
 Machinery 
 Neighbors 
 Construction activities 
 Echo inside rooms 

Methods to Improve Acoustics 

1. Sound Insulation Materials 
o Acoustic panels. 
o Gypsum boards. 
o Rock wool. 

2. Double Glazed Windows 
o Reduce external noise. 

3. Soft Furnishings 
o Curtains, carpets, sofas absorb sound. 

4. Wall and Ceiling Treatment 
o False ceiling. 
o Perforated boards. 

5. Room Shape and Design 
o Avoid large empty halls. 
o Use irregular surfaces to reduce echo. 

Benefits 

 Quiet environment. 
 Better concentration. 
 Improved communication in classrooms and offices. 
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LECTURE 4 

Site Selection Strategies –  

(Green / Sustainable Building Planning) 

Site selection strategy means choosing and planning a building site in such a way that 
energy consumption, environmental damage, and cost are reduced while comfort and 
efficiency are increased. It is an important topic in Green Building and Building Planning. 

The main components are: 

 

1. Landscaping 

Landscaping means planning trees, plants, lawns, pathways, and water bodies around the 
building. 

Objectives 

 Improve micro-climate around building 
 Reduce heat and dust 
 Provide shade and beauty 
 Control wind and noise 

Strategies 

 Use Native Plants: Plants that grow naturally in the region need less water and 
maintenance. 

 Tree Plantation: 
o Trees on west and south sides reduce heat gain. 
o Tall trees act as windbreakers. 

 Green Spaces: Lawns and gardens reduce surface temperature. 
 Water Features: Ponds, fountains improve humidity and cooling. 
 Permeable Surfaces: Use grass pavers instead of full concrete to allow rainwater 

absorption. 

Benefits 

 Lowers surrounding temperature by 2–5°C 
 Reduces energy for cooling 
 Improves air quality 
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2. Building Form 

Building form refers to the shape, size, and mass of the building. 

Strategies 

 Compact Shape: Square or rectangular buildings lose less heat compared to irregular 
shapes. 

 Surface Area to Volume Ratio: Lower ratio = less heat transfer. 
 Height Consideration: 

o Low-rise buildings are better in hot climates. 
o High-rise buildings are better in dense urban areas. 

Examples 

 Hot Climate: Courtyard buildings allow air circulation. 
 Cold Climate: Compact box shape retains heat. 

 

3. Building Orientation 

Orientation means the direction in which the building faces with respect to the sun and 
wind. 

Strategies 

 East–West Orientation: Long side facing north–south reduces direct sunlight. 
 Maximize North Light: North side gets uniform daylight without heat. 
 Control West Sun: Provide minimum openings on west side. 
 Use Prevailing Wind Direction: Windows placed in wind direction improve 

ventilation. 

Benefits 

 Natural lighting 
 Reduced artificial lighting cost 
 Better thermal comfort 

 

4. Building Envelope 

Building envelope is the outer covering of the building including walls, roof, windows, and 
doors. 
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Components 

 Walls 
 Roof 
 Doors 
 Windows 
 Insulation layers 

Strategies 

 Thermal Insulation: Use materials like glass wool, foam boards. 
 Air Barriers: Prevent air leakage. 
 Moisture Barriers: Protect from dampness. 
 Cool Roofs: Reflect sunlight using white or reflective paint. 
 Thermal Mass: Thick walls store heat and release slowly. 

Benefits 

 Reduces heating/cooling load 
 Energy efficient building 
 Increased life of structure 

 

 

LECTURE 5 

6. Fenestration 

Fenestration means arrangement of windows, ventilators, skylights, and glass openings. 

Strategies 

 Window Size & Placement: 
o Larger windows on north side. 
o Smaller windows on west side. 

 Double Glazed Glass: Reduces heat transfer. 
 Shading Devices: 

o Chajjas 
o Louvers 
o Sunshades 
o Vertical fins 

 Skylights: Provide daylight but should have shading. 
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Benefits 

 Natural daylight 
 Reduced electricity usage 
 Improved ventilation 

 

6. Materials 

Building materials greatly affect sustainability and energy performance. 

Strategies 

 Local Materials: Reduce transportation cost and pollution. 
 Recycled Materials: Fly ash bricks, recycled steel. 
 Low VOC Paints: Reduce indoor air pollution. 
 Eco-friendly Materials: Bamboo, mud blocks, compressed earth blocks. 
 Durable Materials: Increase life span and reduce maintenance. 

Benefits 

 Environmental protection 
 Cost saving 
 Healthier indoor environment 

 

7. Land Use and Consumption 

This refers to how efficiently land is used without damaging natural resources. 

Strategies 

 Minimum Site Disturbance: Avoid cutting too many trees. 
 Preserve Natural Features: Hills, ponds, vegetation. 
 Rainwater Harvesting: Store rainwater for reuse. 
 Waste Management: Proper disposal and recycling. 
 Reduce Building Footprint: Multi-storey instead of spreading horizontally. 

Benefits 

 Conservation of natural resources 
 Reduced soil erosion 
 Better ecological balance 



UNIT 1 – GREEN BUILDING DESIGN & FEATURES  Mr. PANKAJ GOLCHHA 

DEPARTMENT OF CIVIL ENGINEERING, GOVERNMENT COED POLYTECHNIC RAIPUR 
 

 



UNIT 1 – GREEN BUILDING DESIGN & FEATURES  Mr. PANKAJ GOLCHHA 

DEPARTMENT OF CIVIL ENGINEERING, GOVERNMENT COED POLYTECHNIC RAIPUR 
 

LECTURE 6 

CONSTRUCTION TECHNIQUES 

 

 

1. ROOFS (छत निर्माण तकिीक) 

1.1 Definition 

A roof is the topmost covering of a building which protects the structure from sun, rain, 
wind, heat, and snow. 

1.2 Functions of Roof 

 Protection from weather. 
 Thermal insulation (heat control). 
 Sound insulation. 
 Structural stability. 
 Aesthetic appearance. 

1.3 Types of Roofs 

A. Flat Roof 

 Slope: 1 in 40 to 1 in 60. 
 Used in urban buildings. 
 Easy for water tank, solar panels, terrace use. 
 Materials: RCC slab, waterproofing layers. 

Advantages 

 Usable terrace. 
 Easy maintenance. 
 Modern look. 

Disadvantages 

 Water leakage risk if waterproofing is poor. 
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B. Pitched Roof 

 Slope more than 10°. 
 Used in high rainfall or snowfall areas. 
 Materials: Tiles, GI sheets, shingles, slate. 

Advantages 

 Quick water drainage. 
 Good thermal performance. 

Disadvantages 

 Less usable space. 
 Higher construction cost. 

 

C. Curved / Shell Roof 

 Used in stadiums, auditoriums. 
 Modern architectural style. 
 RCC or steel structures. 

 

1.4 Roof Components 

 Rafters – Sloping beams. 
 Purlins – Horizontal support. 
 Truss – Framework for load transfer. 
 Waterproofing layer – Prevents leakage. 
 Insulation layer – Heat reduction. 

 

2. WALLS (दीवमर निर्माण तकिीक) 

2.1 Definition 

Walls are vertical structural members that divide spaces and carry loads. 

2.2 Functions 

 Load bearing. 
 Space division. 
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 Thermal & sound insulation. 
 Privacy & security. 
 Weather protection. 

 

2.3 Types of Walls 

A. Load Bearing Wall 

 Carries roof/floor load. 
 Thickness: 230 mm or more. 
 Used in low-rise buildings. 

B. Non-Load Bearing Wall 

 Only partition. 
 Thickness: 100–150 mm. 
 Materials: Bricks, gypsum boards, glass. 

C. Cavity Wall 

 Two parallel walls with air gap. 
 Provides thermal insulation. 
 Prevents dampness. 

D. Shear Wall 

 Used in high-rise buildings. 
 Resists earthquake forces. 

 

2.4 Wall Materials 

 Burnt Clay Bricks 
 Fly Ash Bricks 
 Concrete Blocks 
 AAC Blocks 
 Stone Masonry 
 Timber / Glass Panels 
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LECTURE 7 

3. FENESTRATION (खिड़की-दरवमज़े की व्यवस्थम) 
3.1 Definition 

Fenestration refers to the arrangement and design of windows, doors, ventilators, and 
skylights in a building. 

3.2 Objectives 

 Natural lighting. 
 Ventilation. 
 Thermal comfort. 
 Aesthetic appeal. 
 Energy efficiency. 

 

3.3 Types of Fenestration 

Windows 

 Casement Window – Hinged open. 
 Sliding Window – Moves horizontally. 
 Fixed Window – Does not open. 
 Louvered Window – Air passage with slats. 
 Bay Window – Projects outward. 

Doors 

 Panel Door 
 Flush Door 
 Glass Door 
 Sliding Door 

Skylights 

 Installed on roof. 
 Provides daylight. 
 Saves electricity. 

 

3.4 Design Considerations 



UNIT 1 – GREEN BUILDING DESIGN & FEATURES  Mr. PANKAJ GOLCHHA 

DEPARTMENT OF CIVIL ENGINEERING, GOVERNMENT COED POLYTECHNIC RAIPUR 
 

 Orientation (North light preferred). 
 Window-to-Wall Ratio (WWR). 
 Cross ventilation. 
 Height and sill level. 
 Shading devices. 

 

4. SHADED FINISHES (छमयम युक्त सतह उपचमर) 

4.1 Definition 

Shaded finishes are external surface treatments that reduce heat gain and improve 
durability. 

4.2 Purpose 

 Reduce solar heat. 
 Improve building life. 
 Enhance aesthetics. 
 Protect from rain & dust. 

 

4.3 Types of Shaded Finishes 

A. Sunshades / Chajjas 

 RCC or metal projection. 
 Placed above windows/doors. 
 Blocks direct sunlight. 

B. Louvers 

 Horizontal/Vertical slats. 
 Allow air, block sunlight. 

C. Pergolas 

 Open roof shading structure. 
 Used in terraces & gardens. 

D. Textured Exterior Paints 

 Reflective paints reduce heat. 
 Weather-resistant coatings. 
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E. Cladding Materials 

 Stone cladding. 
 ACP panels. 
 Wooden panels. 
 Ceramic tiles. 

 

4.4 Advantages of Shaded Finishes 

 Energy saving. 
 Comfort improvement. 
 Moisture protection. 
 Better building appearance. 

 

Integrated Design Concept 

A good construction technique combines: 

 Strong walls 
 Efficient roof design 
 Proper fenestration 
 Effective shaded finishes 

This results in: 

 Energy efficient buildings 
 Comfortable interiors 
 Long structural life 
 Reduced maintenance cost 
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LECTURE 8 

Advanced Passive Heating and Cooling Techniques –  

Introduction 

Passive heating and cooling techniques are design strategies used in buildings to maintain 
comfortable indoor temperature without using mechanical equipment like ACs, heaters, or 
fans. 
They depend on natural energy sources such as sunlight, wind, shade, thermal mass, and 
ventilation. 

These techniques help in: 

 Reducing electricity consumption 
 Improving thermal comfort 
 Lowering carbon emissions 
 Increasing building sustainability 

 

Passive Heating Techniques 

Passive heating is mainly required in cold climates or winter seasons. The objective is to 
capture, store, and distribute solar heat inside the building. 

2.1 Direct Solar Gain 

 Sunlight enters through south-facing windows (in India). 
 Floors and walls absorb heat and release it slowly at night. 
 Use large glass windows with double glazing. 

Advantages: 

 Simple and low cost 
 Immediate heating effect 

Limitations: 

 Risk of overheating in summer 
 Needs shading devices 
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2.2 Indirect Solar Gain (Thermal Storage Wall / Trombe Wall) 

 A thick masonry or concrete wall painted dark is placed behind glass. 
 Sunlight heats the wall during the day. 
 Heat slowly moves inside at night. 

Materials Used: Brick, stone, concrete, adobe. 

Benefits: 

 Delayed heat release 
 Stable indoor temperature 

 

2.3 Sunspaces / Solar Greenhouses 

 A glass-enclosed room attached to the south side. 
 Acts as a heat collector. 
 Warm air enters living spaces through vents. 

 

2.4 Thermal Mass Heating 

 Use of high heat-capacity materials like: 
o Concrete 
o Brick 
o Stone 
o Mud blocks 

 These materials store heat during day and release at night. 

 

 Passive Cooling Techniques 

Passive cooling is essential in hot climates. Aim is to reduce heat gain and increase heat 
loss naturally. 

3.1 Building Orientation 

 Long axis east-west. 
 Minimize west-side openings. 
 Maximize north-south airflow. 
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3.2 Natural Ventilation 

Uses wind and temperature differences. 

(a) Cross Ventilation 

 Windows on opposite walls. 
 Air flows across rooms. 

(b) Stack Ventilation 

 Hot air rises and exits through roof vents/skylights. 
 Cool air enters from lower openings. 

 

3.3 Shading Devices 

 Overhangs 
 Louvers 
 Pergolas 
 Vertical fins 
 Trees and vegetation 

Purpose: Block direct sunlight, especially west sun. 

 

3.4 Insulation 

 Reduces heat transfer. 
 Used in roofs, walls, and floors. 
 Materials: Glass wool, rock wool, foam boards, cellulose. 

 

3.5 Cool Roofs / Reflective Surfaces 

 White or light-colored roof paints. 
 Reflect solar radiation. 
 Reduce indoor temperature by 3–5°C. 

 

3.6 Courtyards 
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 Central open space improves airflow. 
 Creates pressure difference and cooling. 
 Common in traditional Indian architecture. 

 

3.7 Evaporative Cooling 

 Uses water evaporation to cool air. 
 Methods: 

o Water bodies 
o Fountains 
o Wet curtains 
o Roof ponds 

 

3.8 Earth Air Tunnel / Earth Cooling 

 Air is passed through underground pipes. 
 Soil temperature is cooler than outside air. 
 Air gets naturally cooled before entering building. 

 

4. Advanced Passive Techniques 

4.1 Double Skin Facade 

 Two layers of glass with air gap. 
 Air gap acts as insulation and ventilation channel. 

4.2 Phase Change Materials (PCM) 

 Materials that absorb/release heat during phase change. 
 Maintain constant indoor temperature. 

4.3 Green Roofs and Green Walls 

 Vegetation layer on roof/walls. 
 Provides insulation and evaporative cooling. 

4.4 Solar Chimney 

 Tall vertical shaft painted black. 
 Heats up and pulls hot air out. 
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 Improves natural ventilation. 

 

5. Design Considerations 

 Climate analysis (hot, cold, composite) 
 Site orientation 
 Building materials 
 Window-to-wall ratio 
 Landscaping 
 User behavior 

 

6. Advantages of Passive Heating & Cooling 

 Energy saving (30–60%) 
 Low maintenance 
 Environment friendly 
 Improved indoor air quality 
 Increased comfort 

 

7. Limitations 

 Higher initial design effort 
 Climate dependent 
 Space requirement for courtyards/sunspaces 
 Needs proper planning at early stage 
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Lecture 9 

WASTE REDUCTION DURING CONSTRUCTION – GREEN BUILDING  

 

1. Introduction 

Waste Reduction during Construction means minimizing the amount of material that is 
wasted, discarded, or sent to landfills while constructing a building. 
In Green Building, waste reduction is a very important principle because it helps in: 

 Saving natural resources 
 Reducing environmental pollution 
 Lowering construction cost 
 Improving site cleanliness and safety 
 Increasing project efficiency 

Construction waste includes cement bags, bricks, concrete debris, steel scraps, wood 
pieces, packaging materials, plastics, glass, and soil waste. 

 

2. Types of Construction Waste 

1. Material Waste – Broken bricks, extra cement, unused sand, tiles. 
2. Packaging Waste – Plastic covers, cardboard boxes, thermocol. 
3. Demolition Waste – Concrete debris, old steel, wood. 
4. Hazardous Waste – Paint cans, chemicals, adhesives. 
5. Excavation Waste – Extra soil and stones. 

 

3. Causes of Construction Waste 

 Poor planning and design changes 
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 Ordering excess materials 
 Improper storage of materials 
 Skilled labor shortage 
 Transportation damage 
 Cutting errors and measurement mistakes 
 Weather conditions (rain, wind) 

 

4. Principles of Waste Reduction (3R Concept) 

Green building follows 3R Principle: 

1. Reduce 

 Use only required quantity of materials. 
 Accurate estimation and budgeting. 
 Modular design to avoid cutting waste. 

2. Reuse 

 Reuse wooden formwork. 
 Reuse bricks and steel. 
 Reuse packaging materials. 

3. Recycle 

 Recycle concrete into aggregates. 
 Recycle steel scrap. 
 Recycle plastics and glass. 

 

5. Methods of Waste Reduction during Construction 

A. Proper Planning & Design 

 Prepare detailed drawings. 
 Use standard dimensions to reduce cutting. 
 Adopt prefabrication methods. 

B. Material Management 

 Order materials in correct quantity. 
 Follow First-In First-Out (FIFO) method. 
 Store cement in dry areas and steel off the ground. 
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C. Use of Prefabricated Components 

 Precast slabs, doors, windows, wall panels. 
 Reduces on-site waste and saves time. 

D. Efficient Construction Techniques 

 Ready Mix Concrete (RMC). 
 Machine cutting instead of manual cutting. 
 Use of modular bricks/blocks. 

E. On-Site Waste Segregation 

Separate waste into: 

 Metal 
 Plastic 
 Wood 
 Concrete 
 Hazardous waste 

This makes recycling easier. 

F. Reuse of Materials 

 Reuse shuttering plywood. 
 Reuse soil for landscaping. 
 Use broken bricks for filling. 

G. Recycling Facilities 

 Provide bins for recyclable waste. 
 Tie up with recycling agencies. 

H. Training & Awareness 

 Train workers about waste control. 
 Display instruction boards on site. 

 

6. Benefits of Waste Reduction in Green Buildings 

 Environmental Benefits 
o Reduced landfill burden 
o Lower pollution 
o Conservation of resources 
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 Economic Benefits 
o Reduced material cost 
o Less transportation cost 
o Increased profit margin 

 Social Benefits 
o Cleaner site 
o Improved worker safety 
o Better public image 

 

7. Green Building Rating Systems & Waste Reduction 

Green rating systems like IGBC, GRIHA, LEED give points for: 

 Construction waste management plan 
 Recycling percentage 
 Use of recycled materials 
 Low-waste technologies 

 

8. Example Practices 

 Using Fly Ash Bricks instead of clay bricks. 
 Using Recycled Steel. 
 Converting concrete waste into paver blocks. 
 Digital drawings instead of paper prints. 

 

9. Conclusion 

Waste reduction during construction is a key element of Green Building. 
By proper planning, 3R principles, efficient material management, and worker awareness, 
construction waste can be significantly minimized. This results in sustainable, economical, 
and eco-friendly buildings, which is the main goal of green construction. 
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LECTURE 10 

 

Meaning of Energy Audit 
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An Energy Audit is a systematic inspection, survey, and analysis of energy use in a building, 
industry, or facility. 
The main aim is to identify areas where energy is wasted and to suggest measures to 
reduce energy consumption without affecting productivity or comfort. 

In Simple Words 

Energy Audit = Checking how much energy is used + where it is wasted + how to save it. 

Key Points 

 It studies electricity, fuel, water, lighting, HVAC systems, machinery, etc. 
 Conducted by Energy Auditors / Engineers. 
 Focus is on efficiency, conservation, and cost saving. 

 

2. Necessity / Importance of Energy Audit 

Energy audit is necessary due to increasing energy demand, high electricity bills, and 
environmental concerns. 

Why Energy Audit is Important 

1. Reduction in Energy Cost 

 Helps in lowering electricity and fuel bills. 
 Identifies unnecessary consumption. 

2. Energy Efficiency Improvement 

 Improves performance of equipment and systems. 
 Reduces energy loss. 

3. Environmental Protection 

 Decreases carbon emissions. 
 Supports green building concepts. 

4. Better Resource Utilization 

 Efficient use of electricity, water, gas, and fuel. 

5. Increased Equipment Life 

 Proper maintenance and optimized use extend machinery life. 
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6. Compliance with Government Norms 

 Many industries must follow energy efficiency standards. 

 

3. Types of Energy Audit 

1. Preliminary Energy Audit 

 Basic and quick review. 
 Uses existing data like electricity bills. 
 Identifies major problem areas. 

2. Detailed Energy Audit 

 In-depth analysis. 
 Includes measurements, monitoring, and calculations. 
 Provides accurate recommendations and payback analysis. 

 

4. Objectives of Energy Audit 

 To reduce energy consumption 
 To identify energy saving opportunities 
 To optimize system performance 
 To reduce operational cost 
 To protect environment 
 To improve sustainability 

 

5. Procedures / Steps of Energy Audit 

Energy audit is performed in a systematic manner. 

Step 1: Preliminary Assessment 

 Collect past energy bills. 
 Study building layout and equipment list. 
 Identify high energy consuming areas. 

Step 2: Data Collection 

 Record electricity usage. 
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 Check lighting systems, HVAC, motors, appliances. 
 Note operating hours. 

Step 3: Detailed Analysis 

 Use instruments like lux meter, clamp meter, power analyzer, thermometer. 
 Measure actual energy consumption. 
 Compare with standard values. 

Step 4: Identification of Energy Saving Opportunities 

Examples: 

 Replacing incandescent bulbs with LEDs. 
 Installing solar panels. 
 Improving insulation. 
 Using energy efficient motors. 

Step 5: Cost–Benefit Analysis 

 Calculate investment cost. 
 Estimate payback period. 
 Determine savings. 

Step 6: Reporting & Recommendations 

 Prepare audit report. 
 Suggest corrective actions. 
 Provide implementation plan. 

Step 7: Implementation & Monitoring 

 Apply recommended measures. 
 Monitor results regularly. 

 

6. Instruments Used in Energy Audit 

 Lux Meter – measures light intensity. 
 Power Analyzer – measures electrical parameters. 
 Clamp Meter – measures current. 
 Thermometer / Thermal Camera – checks heat loss. 
 Anemometer – measures air velocity. 
 Flow Meter – measures water or gas flow. 
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7. Benefits of Energy Audit 

 Cost Savings 
 Improved Energy Efficiency 
 Environmental Protection 
 Better Building Performance 
 Reduced Carbon Footprint 
 Long-term Sustainability 
 Improved Comfort & Productivity 

 

8. Explanation of Energy Audit Diagram (Conceptual 
Understanding) 

An energy audit diagram generally shows: 

Top Section – Meaning 

A building with an auditor inspecting energy usage → represents inspection and analysis. 

Middle Section – Importance 

Icons such as factory, bulb, money sign → show cost saving, efficiency, and environmental 
benefits. 

Lower Section – Steps 

Usually displayed in 4–5 boxes: 

1. Preliminary Assessment 
2. Detailed Measurement 
3. Identification of Opportunities 
4. Reporting & Recommendations 
5. Implementation 

Bottom Section – Benefits 

Symbols like piggy bank, globe, leaf, growth chart → indicate financial savings, eco-
friendliness, and performance improvement. 

 

 



UNIT 2 – ENERGY AUDIT AND EIA  MR. PANKAJ GOLCHHA 

6
X
P A N K A J  G O L C H H A

L E C T U R E R  ,  G C E P R  

LECTURE 11 

Objectives of Energy Audit 

 Reduce electricity and fuel bills 
 Improve efficiency of equipment 
 Reduce environmental pollution 
 Increase life of machines 
 Optimize energy use 
 Promote green building concepts 

 

 Need of Energy Audit 

 Rising energy costs 
 Limited natural resources 
 Government energy regulations 
 Environmental protection 
 Better operational control 

 

 Types of Energy Audit 

Energy audits are mainly classified into three types: 

 

 Preliminary Energy Audit (Walk-Through Audit) 

Meaning: 
A simple and quick inspection of the building or facility. 

Features: 

 Short duration 
 Low cost 
 Basic data collection 
 Visual inspection only 
 No complex instruments 

Purpose: 



UNIT 2 – ENERGY AUDIT AND EIA  MR. PANKAJ GOLCHHA 

7
X
P A N K A J  G O L C H H A

L E C T U R E R  ,  G C E P R  

 Identify major energy wastage areas 
 Understand energy consumption pattern 
 Suggest simple improvements 

Example Suggestions: 

 Switching off lights when not needed 
 Replacing old bulbs with LED 
 Fixing leakage in air conditioners 

 

Simple Representation 

Building Visit 
     ↓ 
Check Lights, Fans, AC 
     ↓ 
Note High Energy Areas 
     ↓ 
Give Basic Suggestions 

 

Detailed Energy Audit 

Meaning: 
A comprehensive and technical study of energy consumption. 

Features: 

 Long duration 
 High accuracy 
 Use of instruments and meters 
 Detailed data collection 
 Cost–benefit analysis 

Activities: 

 Measuring voltage, current, power factor 
 Studying energy bills 
 Load analysis 
 Efficiency testing of equipment 
 Thermal imaging, insulation checks 

Outcome: 

 Exact energy saving potential 
 Investment requirement 
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 Payback period calculation 

 

Concept Diagram 

Data Collection → Measurement → Analysis → Report → Implementation 

 

Investment Grade Energy Audit 

Meaning: 
An audit done before large financial investments. 

Purpose: 

 Used for industries or big buildings 
 Accurate financial analysis 
 Risk assessment 
 Return on Investment (ROI) 

Used When: 

 Installing solar plants 
 Upgrading HVAC systems 
 Major renovation projects 

 

Steps in Energy Audit Process 

1. Planning and Preparation 
2. Data Collection 
3. Site Inspection 
4. Measurement and Monitoring 
5. Data Analysis 
6. Report Preparation 
7. Implementation of Measures 
8. Monitoring & Verification 

 

Instruments Used in Energy Audit 

 Lux Meter – Measures light intensity 
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 Clamp Meter – Measures current 
 Power Analyzer – Measures power consumption 
 Thermometer – Temperature measurement 
 Anemometer – Air velocity 
 Thermal Camera – Heat loss detection 

 

Energy Management Program 

Definition 

Energy Management Program (EMP) is a planned and continuous effort to monitor, 
control, and conserve energy in a systematic way. 

 

Objectives of Energy Management 

 Reduce energy waste 
 Improve efficiency 
 Lower operational cost 
 Environmental protection 
 Sustainable development 

 

Components of Energy Management Program 

1. Energy Policy 

 Written statement by organization 
 Commitment to energy saving 

2. Energy Planning 

 Setting energy targets 
 Budget allocation 

3. Implementation 

 Use of energy efficient equipment 
 Staff training 
 Awareness programs 
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4. Monitoring 

 Tracking monthly energy bills 
 Meter readings 

5. Review and Improvement 

 Periodic audits 
 Updating technologies 

 

Energy Management Cycle (PDCA Cycle) 

PLAN → DO → CHECK → ACT 

Plan: Set targets 
Do: Implement measures 
Check: Monitor results 
Act: Improve and standardize 

 

Energy Conservation Measures 

 Use LED lighting 
 Install solar panels 
 Proper insulation 
 Use energy efficient motors 
 Automatic sensors for lights 
 Maintain HVAC systems 
 Use natural ventilation 

 

Benefits of Energy Audit & Management 

 Cost savings 
 Reduced carbon emission 
 Better comfort 
 Increased equipment life 
 Sustainable development 
 Compliance with green building norms 
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LECTURE 12 

Types of Energy Audit 

Energy audits are mainly classified into three types: 

1. Preliminary Energy Audit (Walk-through Audit) 
2. Detailed Energy Audit 
3. Investment Grade Energy Audit 

 

 Preliminary Energy Audit (Walk-through Audit) 

Definition 

A preliminary energy audit is a simple and quick study of energy usage. It provides a general 
understanding of energy consumption and identifies major energy-saving opportunities. 

Features 

 Basic inspection of energy systems 
 Limited data collection 
 Short duration 
 Low cost 
 Provides overall energy consumption pattern 

Steps Involved 

1. Collection of past energy bills and records 
2. Walk-through inspection of plant or building 
3. Identification of major energy-consuming equipment 
4. Identification of obvious energy wastage areas 
5. Preparation of initial energy-saving recommendations 

Tools Used 

 Visual inspection 
 Basic measuring instruments 
 Utility bill analysis 

Advantages 

 Quick and economical 
 Helps in identifying major problem areas 
 Requires less technical analysis 
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Limitations 

 Does not provide detailed technical analysis 
 Energy-saving estimates are approximate 

 

LECTURE 13 

Detailed Energy Audit 

Definition 

A detailed energy audit is a comprehensive and systematic study of energy consumption. It 
provides accurate data and detailed analysis of energy-saving opportunities. 

Features 

 Extensive data collection 
 Detailed performance analysis of equipment 
 Accurate energy-saving calculations 
 Includes technical and financial evaluation 

Steps Involved 

Step 1: Pre-Audit Preparation 

 Collection of design and operational data 
 Study of previous energy consumption records 
 Identification of audit scope 

Step 2: Field Study 

 Measurement of energy consumption 
 Performance testing of equipment 
 Monitoring operating conditions 

Step 3: Data Analysis 

 Energy balance calculation 
 Identification of energy losses 
 Comparison with standard values 

Step 4: Identification of Energy Conservation Measures (ECMs) 

 Improvement in equipment efficiency 
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 Process modification 
 Waste heat recovery 
 Installation of energy-efficient systems 

Step 5: Economic Evaluation 

 Cost-benefit analysis 
 Payback period calculation 
 Return on investment 

Step 6: Report Preparation 

 Detailed audit report 
 Recommendations for energy savings 
 Implementation plan 

Advantages 

 Accurate and reliable results 
 Helps in major energy savings 
 Provides financial feasibility 

Limitations 

 Time-consuming 
 Expensive 
 Requires skilled professionals 

 

 Investment Grade Energy Audit 

Definition 

An investment grade audit is the most detailed and comprehensive type of audit. It is 
conducted before implementing large energy conservation projects. 

Features 

 Highest level of accuracy 
 Detailed financial and risk analysis 
 Used for project investment decisions 

Steps Involved 

1. Detailed energy consumption analysis 
2. Advanced monitoring and testing 
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3. Simulation and modeling of energy systems 
4. Detailed cost estimation 
5. Risk assessment 
6. Preparation of implementation strategy 

Advantages 

 Provides precise energy-saving estimates 
 Helps investors and management in decision making 
 Ensures successful project implementation 

Limitations 

 Very expensive 
 Requires long time 
 Requires advanced technical expertise 

LECTURE 14 

LECTURE15 

Environmental Impact Assessment (EIA) 

1. Introduction 

Environmental Impact Assessment (EIA) is a systematic process used to identify, predict, and 
evaluate the environmental effects of proposed projects before they are carried out. It helps 
decision-makers understand the environmental consequences of development activities 
such as industries, dams, highways, mining, and power plants. 

Objectives of EIA: 

 To predict environmental impacts at an early stage. 
 To suggest measures to reduce or eliminate negative impacts. 
 To promote environmentally sustainable development. 
 To help government authorities in decision making. 
 To involve public participation in project planning. 

Importance of EIA: 

 Protects natural resources. 
 Prevents environmental pollution. 
 Improves project planning and design. 
 Helps maintain ecological balance. 
 Reduces project risks and costs in the long term. 
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2. EIA Regulations (India) 

Environmental Impact Assessment in India is governed by the Environment (Protection) 
Act, 1986. The Government of India introduced EIA regulations through notifications to 
control environmental damage from development projects. 

Major EIA Notification 

 The first EIA notification was issued in 1994. 
 It was replaced and updated by the EIA Notification, 2006 (currently followed with 

amendments). 

Projects Requiring Environmental Clearance 

Projects such as: 

 Mining and quarrying 
 Thermal power plants 
 Highways and airports 
 River valley and hydroelectric projects 
 Chemical industries 
 Construction and infrastructure projects 

Categories of Projects (As per EIA 2006) 

1. Category A Projects 
o Large scale projects. 
o Clearance given by the Ministry of Environment, Forest and Climate Change 

(MoEFCC). 
2. Category B Projects 

o Medium scale projects. 
o Clearance given by the State Environment Impact Assessment Authority 

(SEIAA). 
o Further divided into: 

 B1 – Requires detailed EIA study. 
 B2 – Does not require detailed EIA study. 
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LECTURE 16 

Stages of EIA Process 

1. Screening 
o Determines whether a project needs EIA or not. 

2. Scoping 
o Identifies important environmental issues and prepares Terms of Reference 

(ToR). 
3. Public Consultation 

o Public and stakeholders give opinions and suggestions. 
4. Environmental Impact Analysis 

o Assessment of environmental effects of the project. 
5. Preparation of EIA Report 

o Detailed documentation of environmental impacts and mitigation measures. 
6. Appraisal 

o Expert committee reviews the report and gives recommendations. 
7. Environmental Clearance 

o Final approval or rejection of the project. 

LECTURE 17 

Benefits of Environmental Impact Assessment (EIA): 

1. Environmental Protection 
o Helps identify potential environmental damage before starting a project. 
o Suggests measures to reduce pollution, deforestation, and habitat 

destruction. 
2. Better Project Planning 

o Provides information about environmental risks, helping planners design 
safer and more sustainable projects. 

3. Supports Decision Making 
o Helps government and authorities decide whether a project should be 

approved, modified, or rejected. 
4. Promotes Sustainable Development 

o Ensures development activities balance economic growth with environmental 
conservation. 

5. Public Awareness and Participation 
o Encourages involvement of local communities and stakeholders in decision-

making. 
6. Cost Savings 
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o Identifies environmental problems early, reducing expensive corrective 
actions later. 

7. Legal Compliance 
o Helps projects follow environmental laws and regulations. 

8. Protection of Human Health 
o Reduces harmful effects of pollution and environmental degradation on 

people. 

 

LECTURE 18 

Environmental Clearance for Civil Engineering Projects 

Environmental Clearance (EC) is an official approval required before starting certain civil 
engineering and infrastructure projects. It ensures that the project does not cause 
unacceptable damage to the environment and follows sustainable development principles. 

 

1. Meaning of Environmental Clearance 

Environmental Clearance is permission granted by government environmental authorities 
after assessing the environmental impact of a proposed project. It ensures that the project 
follows environmental protection laws and minimizes pollution. 

 

2. Objectives of Environmental Clearance 

 To protect natural resources such as air, water, land, and forests 
 To reduce environmental pollution 
 To promote sustainable development 
 To ensure proper waste management 
 To safeguard public health and biodiversity 

 

3. Projects Requiring Environmental Clearance 

Environmental clearance is usually required for large civil engineering projects such as: 

 Highways and road construction 
 Dams and irrigation projects 
 Airports and railways 
 Mining projects 
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 Industrial plants 
 Large residential and commercial buildings 
 Power plants 
 Ports and harbours 

 

4. Authorities Responsible for Clearance (India) 

In India, Environmental Clearance is granted by: 

 MoEFCC – Ministry of Environment, Forest and Climate Change (Central 
Government) 

 SEIAA – State Environment Impact Assessment Authority 

 

5. Steps in Environmental Clearance Process 

Step 1: Screening 

Determines whether the project requires Environmental Impact Assessment (EIA). 

Step 2: Scoping 

Identifies key environmental issues and prepares Terms of Reference (TOR). 

Step 3: Environmental Impact Assessment (EIA) 

 Study of environmental effects such as air pollution, water pollution, noise, soil 
erosion, etc. 

 Suggests mitigation measures. 

Step 4: Public Hearing 

 Public and local communities give their opinions and objections. 

Step 5: Appraisal 

 Expert committee reviews the project and EIA report. 

Step 6: Grant or Rejection of Clearance 

 Approval is given with environmental conditions or the project is rejected. 

 

6. Documents Required 
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 Project report 
 EIA report 
 Environmental Management Plan (EMP) 
 Risk assessment report 
 Public hearing report 

 

7. Importance in Civil Engineering 

 Helps engineers design eco-friendly projects 
 Reduces environmental damage 
 Ensures legal compliance 
 Improves project sustainability 
 Prevents future environmental hazards 

 

 






























































































































































