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1. Introduction 
 

A green roof, also known as a vegetated roof, is a roof that is 

covered with plants and soil, rather than traditional roofing 

materials such as asphalt or concrete. Green roofs have been 

used for centuries in various forms, and have recently gained 

popularity due to their numerous benefits for the 

environment, building owners, and local communities. 

 

Green roofs are typically divided into two types: extensive 

and intensive. Extensive green roofs are lighter weight and 

typically have a shallow soil layer, which allows for smaller 

and hardier plant species to thrive. Intensive green roofs are 

typically heavier and have a deeper soil layer, allowing for a 

wider variety of plants and garden features to be 

incorporated. 

 

Extensive green roofs 

Extensive green roofs are a type of green roof that are 

characterized by their shallow soil depth, typically ranging 

from 4-6 inches, and their lighter weight. As a result, 

extensive green roofs are typically easier and less expensive 

to install and maintain than intensive green roofs, and are 

better suited for buildings with limited roof weight capacity. 

 

Extensive green roofs typically use hardy plant species that 

are able to thrive in shallow soil, such as Sedum, mosses, 

and other succulents. These plants are chosen for their 

ability to survive in harsh, low-maintenance conditions, such 

as high winds, drought, and extreme temperatures. 

 

In addition to being lighter and easier to install, extensive 

green roofs also have a number of environmental and 

economic benefits. They help to reduce the amount of storm 

water runoff by slowing down and retaining water, which 

helps to mitigate the negative impacts of flash flooding, 

erosion, and water pollution. They also help to reduce the 

urban heat island effect by cooling the air and reducing 

energy consumption, which can help to reduce energy costs. 

 

Extensive green roofs are also easy to maintain, as they 

require very little water and fertilizer, and typically have a 

low-maintenance plant palette. They also have a long 

lifespan, often lasting 20-30 years or more, making them a 

cost-effective solution for building owners. 

 

When designing and constructing an extensive green roof, it 

is important to consider factors such as the type of building, 

the location and climate, the weight capacity of the roof, and 

the desired plant species and soil depth. It is also important 

to work with an experienced green roof professional who 

can help to design and construct a green roof that is suitable 

for the specific needs of the building and the local 

environment. 

 

In conclusion, extensive green roofs are a popular and 

sustainable solution that offers numerous benefits for 

building owners and the environment. Whether you are a 

building owner, an engineer, or a member of the local 

community, there are many reasons to consider the benefits 

of extensive green roofs and the role that they can play in 

creating a more sustainable future. 

 

Intensive green roofs 

Intensive green roofs are a type of green roof that are 

characterized by their deep soil depth, typically ranging 

from 6 inches or more, and their ability to support a wider 

variety of plant species, including shrubs and trees. As a 

result, intensive green roofs are typically more elaborate, 

heavier, and more expensive to install and maintain than 

extensive green roofs, but offer a wider range of benefits and 

design possibilities. 

 

Intensive green roofs often use a variety of plant species, 

such as shrubs, trees, grasses, and flowers, to create a lush, 

garden-like environment on the roof. These green roofs can 

include features such as pathways, seating areas, water 

features, and even beehives. This makes them ideal for use 

in recreational and community spaces, such as parks, roof 

gardens, and community gardens. 

 

In addition to offering a wider range of design possibilities, 

intensive green roofs also have a number of environmental 

and economic benefits. They help to reduce the amount of 

storm water runoff by slowing down and retaining water, 

which helps to mitigate the negative impacts of flash 

flooding, erosion, and water pollution. They also help to 

reduce the urban heat island effect by cooling the air and 

reducing energy consumption, which can help to reduce 

energy costs. 

 

Intensive green roofs also offer a range of additional benefits 

for the local environment, including increased biodiversity 
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and habitat for birds, insects, and other wildlife, and 

improved air quality by absorbing and filtering pollutants 

from the air. 

 

When designing and constructing an intensive green roof, it 

is important to consider factors such as the type of building, 

the location and climate, the weight capacity of the roof, and 

the desired plant species and soil depth. It is also important 

to work with an experienced green roof professional who 

can help to design and construct a green roof that is suitable 

for the specific needs of the building and the local 

environment. 

 

In conclusion, intensive green roofs are a versatile and 

sustainable solution that offers numerous benefits for 

building owners and the environment. Whether you are a 

building owner, an engineer, or a member of the local 

community, there are many reasons to consider the benefits 

of intensive green roofs and the role that they can play in 

creating a more sustainable future. 

 

Green roofs and sustainability 

 

Reduced energy consumption- 

Insulation: Green roofs provide insulation to the building, 

reducing the amount of heat that enters in the summer and 

escapes in the winter. This can reduce the need for heating 

and cooling, leading to lower energy consumption. 

 

Cooling: The vegetation and soil on a green roof help to cool 

the air and reduce the urban heat island effect, which can 

reduce the demand for air conditioning during hot weather. 

 

Reflectivity: The vegetation and soil on a green roof can also 

reflect a significant portion of the sun's energy, reducing the 

amount of heat that enters the building. 

 

Reduced air conditioning load: By reducing the amount of 

heat that enters the building, green roofs can also reduce the 

load on air conditioning systems, leading to lower energy 

consumption. 

 

Improved building envelope: The insulation and cooling 

benefits of green roofs can also help to improve the overall 

energy efficiency of the building envelope, reducing the 

overall energy consumption of the building. 

 

By reducing energy consumption, green roofs can play an 

important role in reducing greenhouse gas emissions, 

promoting energy efficiency, and helping to create a more 

sustainable future. 

 

 
 

This heat preservation graph shows the insulation provided 

with green roofs. 

 

Soil and vegetation layer, the soil and vegetation layer on a 

green roof acts as an insulating layer, reducing heat loss in 

the winter and heat gain in the summer. This layer also helps 

to cool the air and reduce the urban heat island effect. 

Reflectivity, the vegetation and soil on a green roof can also 

reflect a significant portion of the sun's energy, reducing the 

amount of heat that enters the building. Evapotranspiration, 

the vegetation on a green roof can release moisture through 

the process of evapotranspiration, which helps to cool the air 

and reduce the urban heat island effect. Air flow, the 

vegetation and soil on a green roof can also help to improve 

air flow, which can improve the overall thermal performance 

of the building. The density of hot air and cold air defer. Hot 

air expands and cold air contracts, and the mass of both the 

remains constant there density can be calculated by mass/ 

volume, so hot air will have a lower density compared to 

colder air and hence the hot air will rise up and the cold air 

will sink down. 

 

Water management 

Rainwater retention, the soil and vegetation layer on a green 

roof can retain and store a significant amount of rainwater, 

reducing runoff and helping to manage stormwater. 

 

Slow release of water, the soil and vegetation on a green 

roof can also release the stored rainwater slowly over time, 

reducing runoff and helping to prevent flooding. 

 

Reducing the load on stormwater management systems, by 

retaining and slowly releasing rainwater, green roofs can 

reduce the load on stormwater management systems, such as 

drains, sewers, and treatment facilities. Improved water 

quality, the vegetation and soil on a green roof can also help 

to filter and purify rainwater, improving water quality and 

reducing the amount of pollutants that enter into waterways. 

The soil acts like a filter and gets rid of the unwanted waste 

material like twigs etc. If there is an absence of these green 

roofs, this water must be sent to a factory where they would 

first filter the water to remove solid particles, then add a 

coagulant which would make the small particles which could 

not be filtered out at first float on the surface of water, which 

are then manually or mechanically skimmed off. A simple 

green roof naturally combines and infantilizes this process 

which also reduces the carbon footprint of the factory, 

however this is an implicit benefit which is not perceived by 

everyone. 
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Reduced urban heat island effect: Green roofs can also help 

to reduce the urban heat island effect, which can result in 

increased rainfall and improved water management. 

 

 
 

An additional layer could be added to some green roofs 

where costing is not the issue, which could be the 

chlorination layer, which disinfects the water with the use of 

halogens like chlorine and then this clean water is treated 

with another halogen called fluorine, which is beneficial for 

dental use. A pipe can be attached to this layer which is 

connected to every house in the building, and with this, 

clean fresh water would be at your doorstep with 

approximately half the cost as what you would pay for your 

water utilities on a monthly basis. 

 

Improved air quality- 

Increased vegetation: The vegetation on a green roof can 

absorb pollutants and carbon dioxide from the air, improving 

air quality and helping to mitigate the impacts of air 

pollution. Absorption of pollutants, vegetation, including 

plants and trees, can absorb pollutants such as nitrogen 

oxides, sulfur dioxide, and particulate matter from the air. 

 

Removal of carbon dioxide-Vegetation can also remove 

carbon dioxide from the air through the process of 

photosynthesis, which is essential to maintaining a healthy 

atmosphere. 

 

Generation of oxygen, through photosynthesis, vegetation 

also releases oxygen into the air, which is essential for 

human health and the health of other living things. 

 

Improved insulation: By providing insulation to the building, 

green roofs can reduce the amount of outdoor air pollution 

that enters the building, improving indoor air 

quality.Reduced infiltration of outdoor air pollution: By 

providing insulation to the building, green roofs can reduce 

the amount of outdoor air pollution that enters the building, 

improving indoor air quality. 

 

Energy savings: Improved insulation can also reduce the 

need for heating and cooling systems, which can help to 

reduce the emission of greenhouse gasses and other 

pollutants that contribute to poor air quality. Improved 

indoor air quality: By reducing the amount of outdoor air 

pollution that enters the building, green roofs can also 

improve indoor air quality by reducing the levels of 

pollutants, including volatile organic compounds (VOCs), 

particulate matter, and other pollutants that can negatively 

impact human health.Increased ventilation: The improved 

insulation provided by green roofs can also help to improve 

ventilation, which can further contribute to improved indoor 

air quality. 

 

Reduced urban heat island effect: Green roofs can also help 

to reduce the urban heat island effect, which can lead to 

increased air pollution and decreased air quality in urban 

areas. 

 

The urban heat island effect is a phenomenon that occurs in 

urban areas, where the concentration of buildings, 

pavements, and other hard surfaces results in higher 

temperatures compared to surrounding rural areas. This 

increased temperature can lead to increased air pollution and 

decreased air quality due to a number of factors, including: 

 

Increased emissions from vehicles and other sources: Higher 

temperatures can lead to increased emissions from vehicles 

and other sources, contributing to poor air quality. 

 

Formation of ozone: Increased temperatures can also lead to 

the formation of ozone, a harmful air pollutant that can 

cause respiratory problems. Ozone is harmful for our 

environment, using the chemistry concept of resonance 

hybrid structures we know the bond order of oxygen is 2 and 

the bond order of ozone is 1.5. If we manage to create a 

chamber that can replicate the conditions of the stratosphere, 

then we can select specific wavelengths of Ultraviolet light 

(low energy UV radiation) to convert ozone to oxygen 

molecule and free radical oxygen. This would increase the 

supply of oxygen in the environment and reduce the supply 

of ozone, which is a win-win situation for humanity. 

 

 
 

This is the approximate wavelength required for the 

conversion of ozone gas to oxygen gas. This conversion has 

several benefits. Improved air quality: Ozone is a harmful air 

pollutant that can cause respiratory problems in humans. By 

converting ozone to oxygen, the air becomes safer to 
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breathe. Enhanced plant growth: Ozone depletion can reduce 

the amount of ozone in the stratosphere, which can 

negatively impact plant growth. Converting ozone to oxygen 

helps to mitigate this problem. Protection of the ozone layer: 

The ozone layer acts as a shield against harmful UV 

radiation from the sun. Converting ozone to oxygen helps to 

maintain the ozone layer and protect the planet from UV 

radiation. Reduced greenhouse gas emissions: Ozone can 

contribute to the formation of greenhouse gasses, which trap 

heat and contribute to global warming. Converting ozone to 

oxygen helps to reduce the amount of ozone in the 

atmosphere, which in turn helps to reduce greenhouse gas 

emissions. 

 

Improved environmental health: Ozone is toxic to many 

living organisms, including plants, animals, and even aquatic 

life. By converting ozone to oxygen, the environment 

becomes a safer and healthier place for all living things. 

 

Decreased air flow: Higher temperatures can also lead to 

decreased air flow, which can trap pollutants in the air and 

decrease air quality. 

 

Improved microclimate: The vegetation and soil on a green 

roof can also improve the local microclimate by providing 

shade, reducing wind speeds, and improving air flow, all of 

which can contribute to improved air quality. Green roofs 

can have a positive impact on microclimates by providing 

insulation, reducing the heat island effect, and promoting 

evapotranspiration. By acting as insulation, green roofs help 

to stabilize the temperature inside a building, keeping it 

cooler in the summer and warmer in the winter. The plants 

on the green roof also release water vapor into the air 

through the process of transpiration, which can help to 

regulate the local humidity levels and cool the air through 

evaporation. In addition, green roofs can help to reduce the 

amount of rainfall runoff, improving water quality and 

reducing the risk of flooding. Overall, green roofs can help 

to create a more pleasant and sustainable microclimate. 

 

Increased biodiversity- 

Green roofs increase biodiversity by providing a new habitat 

for plants and animals in urban areas, where traditional 

habitats are often scarce. By doing so, they promote 

sustainability by helping to maintain biodiversity and 

support the ecosystem services that sustain human 

populations. Some ways that green roofs increase 

biodiversity and promote sustainability include: Providing a 

new habitat: Green roofs provide a new habitat for plants 

and animals that would otherwise not be able to live in urban 

areas. This can include a range of species, from insects and 

birds to small mammals and reptiles. Supporting pollinators: 

Green roofs can also support pollinators, such as bees and 

butterflies, by providing them with food and habitat. This 

can help to maintain populations of these important species 

and support the ecosystem services that they provide, such 

as pollination. Supporting pollinators is an important aspect 

of green roof sustainability as it helps to maintain 

populations of these important species and the ecosystem 

services they provide. Pollinators play a crucial role in 

maintaining healthy ecosystems and food production. Some 

of the ways that green roofs support pollinators include: 

 

Providing food: Green roofs provide food for pollinators by 

planting a variety of flowering plants that bloom at different 

times throughout the growing season. This can help to 

ensure a consistent food source for pollinators, even during 

times when other food sources may be scarce. Providing 

habitat: Green roofs also provide a safe and sheltered habitat 

for pollinators. The dense vegetation and lack of exposure to 

direct sunlight on green roofs can provide a cool and safe 

refuge for pollinators, helping to maintain their populations. 

 

Reducing exposure to toxins: Green roofs can also help to 

reduce exposure to toxins for pollinators. By reducing the 

amount of pesticides and other harmful chemicals in the 

environment, green roofs can support pollinator health and 

contribute to maintaining their populations. Supporting 

species diversity: Green roofs can also support species 

diversity by providing a habitat for a range of pollinator 

species, including bees, butterflies, moths, and other insects. 

This can help to maintain biodiversity and support the 

ecosystem services provided by pollinators. Overall, green 

roofs play a crucial role in supporting pollinators and 

maintaining their populations. By providing food, habitat, 

reducing exposure to toxins, and supporting species 

diversity, green roofs help to protect and conserve these 

important species and the ecosystem services they provide. 

 

Aesthetic and Community benefits- 

Aesthetic value: Green roofs provide a visually appealing 

environment by incorporating vegetation into urban areas. 

They can improve the appearance of buildings and provide a 

green and natural setting for city dwellers. Community 

engagement: Green roofs can also provide opportunities for 

community engagement by offering spaces for community 

gardening, education, and recreation. This is an important 

factor, and many builders consider this factor greatly as it 

increases one's willingness to buy a home in that particular 

building, however when the sustainability aspect comes into 

play, this factor is the least important and green roofs mainly 

focus on reduced energy consumptions, water management 

and improved air quality. 

 

How can the green roof be incorporated into the 

structural and architectural part of the building- 

 

Design integration: Green roofs can be designed as an 

integral part of the building structure and architecture from 

the outset, taking into account the roof slope, roof load-

bearing capacity, and building aesthetic. Building shape and 

slope: The shape and slope of a building's roof can greatly 

affect the feasibility and design of a green roof. Roofs with a 

gentle slope are more suitable for green roofs, while steep 

roofs may be more difficult to incorporate. Building access: 

Access to the green roof for maintenance and monitoring 

should be considered in the design of the building. This may 

require the addition of walkways, stairs, or ladders to reach 

the roof. 

 

Building systems: The design of a green roof should also 

take into account the location and integration of building 

systems, such as HVAC, plumbing, and electrical systems, 

to ensure that the green roof does not interfere with the 

functionality of these systems. 
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Zoning regulations: Zoning regulations may also impact the 

design of a green roof. Some jurisdictions may require 

specific design elements, such as fire escape routes or 

emergency access, that should be incorporated into the green 

roof design. 

 

 

Waterproofing and drainage: A waterproof membrane is 

crucial to protect the roof structure from water damage. An 

effective drainage system is also necessary to manage water 

flow and prevent water buildup on the roof.Waterproofing 

and drainage are critical components of a green roof design, 

as they help to prevent water damage to the roof and 

building structure, and promote the healthy growth of 

vegetation on the roof.Waterproofing: Waterproofing is a 

layer of material placed on the roof surface to prevent water 

from penetrating the roof and causing damage. It is typically 

made of a rubber or plastic material that is installed over the 

roof surface. In green roofs, the waterproofing layer is 

typically placed over the growing medium to protect it from 

damage caused by water.Drainage: Drainage is a system that 

removes excess water from the roof surface. In green roofs, 

the drainage layer is typically made of a porous material that 

allows water to drain through it and into a collection system. 

The collected water can be reused for irrigation, or directed 

to a rain garden or other water-retention feature. Water 

retention: In addition to drainage, green roofs may also 

incorporate water retention features, such as rain gardens or 

cisterns, to store excess water for later use. These features 

can help to reduce the demand on municipal water systems 

and promote sustainable water use. 

 

Load bearing capacity: The weight of the soil, vegetation, 

and water on a green roof must be taken into account when 

designing the building structure and foundations. The load-

bearing capacity of the building must be sufficient to support 

the green roof system. 

 

The load-bearing capacity of a green roof refers to the 

maximum weight that can be supported by the roof structure 

without causing damage or collapse. The load-bearing 

capacity of a green roof is an important consideration in the 

design and construction process, as it affects the type of 

materials and vegetation that can be used on the roof, as well 

as the overall stability and longevity of the roof. There are 

several factors that determine the load-bearing capacity of a 

green roof, including: Building structure: The strength and 

stability of the building structure is a key factor in 

determining the load-bearing capacity of a green roof. A 

building with a strong structure is more likely to be able to 

support the weight of a green roof than a building with a 

weaker structure. Roof slope: The slope or pitch of the roof 

can also affect its load-bearing capacity. Flat roofs have a 

lower load-bearing capacity than pitched roofs, so a green 

roof installed on a flat roof may require a different design 

and construction approach than one installed on a pitched 

roof. Materials used: The weight of the materials used in the 

green roof, such as the growing medium, vegetation, and 

waterproofing layers, also play a role in determining the 

load-bearing capacity of the roof. Foot traffic: If the green 

roof is designed to be accessible for maintenance, foot traffic 

can also affect the load-bearing capacity of the roof. 

 

To ensure that a green roof has sufficient load-bearing 

capacity, it is important to work with a professional engineer 

who specializes in green roof design and construction. The 

engineer will be able to design the roof structure and 

materials to meet the specific load-bearing requirements of 

the roof and building, while ensuring that the roof is also 

safe, stable, and long-lasting. In general, green roofs are 

designed to have a load-bearing capacity of at least 20 

pounds per square foot, which is sufficient for most 

vegetation and other materials used on the roof. However, it 

is always best to consult with a professional engineer to 

determine the specific load-bearing capacity requirements 

for a particular green roof design. 

 

Vegetation and soil selection: The selection of vegetation 

and soil for a green roof is also an important consideration. 

The vegetation and soil must be appropriate for the climate 

and conditions of the location and the type of green roof 

being installed. In green roof design, vegetation and soil 

selection are critical components to ensure the long-term 

success of the green roof system. Vegetation selection must 

consider factors such as the plant's ability to withstand harsh 

weather conditions, its ability to absorb water and nutrients, 

and its ability to contribute to the overall aesthetic appeal of 

the green roof. In terms of soil selection, it is important to 

consider the weight of the soil and plants, the soil's ability to 

retain water, and its ability to support plant growth. A well-

designed soil mixture should be able to provide adequate 

drainage, retain moisture, and have a structure that allows 

for adequate root development. Additionally, the soil should 

be able to support the growth of the chosen vegetation, 

provide adequate nutrients, and have a suitable pH level. 

Ultimately, the combination of vegetation and soil should be 

able to support the overall sustainability and longevity of the 

green roof system. 

 

Maintenance access: The design of a green roof should also 

include access for maintenance and monitoring, as regular 

maintenance is necessary to ensure the longevity and 

effectiveness of the green roof.Maintenance access is a 

critical aspect of green roof design and planning, as it is 

necessary for the long-term success and sustainability of the 

green roof system. Proper maintenance access allows for 

regular inspections and maintenance tasks such as watering, 

fertilizing, and weeding to be performed in a safe and 

efficient manner. There are a few different options for 

providing maintenance access to green roofs, including the 

use of walkways, roof hatches, and cranes. Walkways can be 

integrated into the green roof design, providing a permanent 

path for maintenance staff to access the green roof. Roof 

hatches can be installed as a means of access to the green 

roof, providing a convenient and secure entry point. Cranes 

can also be used to access green roofs, although this option 

is typically only used for larger green roofs. Regardless of 

the maintenance access solution chosen, it is important to 

ensure that it is safe, secure, and able to accommodate the 

necessary equipment and personnel. Proper planning and 

design of maintenance access can help to ensure that the 

green roof system remains healthy and sustainable over the 

long-term. 

 

Incorporating a green roof into the structural and 

architectural components of a building requires careful 
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consideration of various factors, including design 

integration, waterproofing and drainage, load bearing 

capacity, vegetation and soil selection, and maintenance 

access. This can ensure that green roofs are an effective and 

sustainable component of a building. 
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