


Green roofs perform a vital role in helping 
cities adapt to the effects of climate change 
by reducing the need for artificial cooling in 
hot weather and attenuating or capturing 
rainwater runoff, as well as providing a range 
of habitats for urban wildlife.

These guidelines detail the rules, regulations and 
legislation for building green roofs in the UK.
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What will this guidance NOT cover?

This guidance does not cover certain technical areas of green 
roof technology such as drainage flow rates, growing medium 
performance criteria or waterproofing.

If you require technical information of this type please download the 
English language Guidelines for the planning, execution and upkeep 
of green roof sites 2008 from the FLL website: www.fll.de.

FLL - Forschüngsgesellschaft Landschaftsentwicklung Landschaftbau 
(Landscape Research, Development and Construction Society).

It should be remembered that although green roof technology is 
relatively straightforward, it is possible for people who are unfamiliar 
with the technology to make mistakes or miss opportunities to 
maximise the benefits.

All parties using this Guide and who require technical information 
should have a copy of the GRO Code: www.greenroofcode.co.uk 
and the most recent version of the FLL Guidelines: www.fll.de.

Who is this guidance for?

This guide will help anyone who is considering, designing, specifying, 
installing or maintaining a green roof or those involved in the strategic 
planning of green infrastructure.

Green, living and intentionally vegetated roofs are becoming more 
common in the UK. They provide many benefits to the occupants 
of buildings, as well as to the local setting. Green roofs are one of 
the most readily accessible sustainable technologies available to the 
construction industry. They can be included as part of new buildings 
and may also be retrofitted to existing buildings.
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For the purposes of this 

guide: a living or green 

roof is; a roof, deck or 

other structure onto which 

vegetation is intentionally 

grown or habitats for 

wildlife are established.
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What are green roofs?

A green / living roof is a roof onto which vegetation is grown 
intentionally or wildlife habitats are established. There are different 
types of green roof and it is important to understand that each type 
functions and looks different. This is because each green roof 
is unique and provides a different type of habitat, water storage 
capacity and energy saving potential.

Green roofs can be extensive - implying shallow substrate and load 
nutrition, through to intensive - similar to roof gardens. The 2011 GRO 
Code provides UK specific green roof recommendations.

Turf roofs were common in northern Europe, but decreased in 
popularity as the industrial revolution progressed. 43% of German 
cities provided incentives for green roof installation. Other 
countries in Europe such as Switzerland and Austria also have a long 
tradition in using green roofs. More recently Canada, America, Japan 
and Singapore have experienced a growth in green roof uptake.

It is estimated that there is at least 200 million m² of roof space 
in the UK, which could be greened with little or no modification to the 
roof structure.

Grass Roof in Oswego 
Illinois, USA.
Greg Robbins

Living Roofs and Walls
Technical Report: Supporting 
London Plan Policy



Type of green roof

Lightweight 
extensive

Super lightweight

Biodiverse / wildlife 
(extensive)

Extensive

Intensive

Semi-intensive

Roof gardens /
podium decks

Description

Low biodiversity potential•	
Low water holding•	
Includes pre-grown vegetation mats•	
Sometimes irrigated•	
No additional substrate•	
Open substrate.•	

Consists of thin (12mm) drainage •	
board, a filter fleece/water retention 
mat and pre-grown vegetated mat 
about 25mm in thickness
Minimum loadings•	
Sometimes irrigated•	
Practical for some retro-fits•	
Limited vegetation diversity•	
Tendency to dry out.•	

Supports particular species or group •	
of species
Natural colonisation is encouraged•	
Limit level of human interaction•	
Focus on biodiversity value. •	

Less than 100mm substrate depth, •	
and not usually irrigated
Low maintenance•	
Limited water holding•	
Limited biodiversity potential•	
Includes pre-grown vegetation mats •	
or substrate.

Over 200mm substrate depth, •	
intensive maintenance requirement
Sometimes irrigated•	
Lawn or roof garden•	
Amenity Space•	
Water attenuation and some •	
biodiversity can be achieved. 

100mm to 200mm substrate depth, •	
moderate maintenance, wider range 
of plants
Sometimes irrigated•	
Rainwater attenuation•	
Supports vegetation•	
Slightly higher maintenance.•	

Intensive and well understood•	
Outside scope of this document.•	

These definitions are not always clear cut and it is possible to have 
green roofs which have characteristics of more than one type, e.g. a 
200mm deep substrate which still has low maintenance requirements.

Types of green roof

Green roofs are classified according to their depth and maintenance 
requirement. The following names for different green roofs have 
been adopted by the construction industry:
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Roof Garden

Extensive

Intensive

Semi-intensive

Biodiverse & Wildlife

For a green roof to flourish it must have:

Sunlight•	
Moisture•	
Drainage•	
Aeration to the plants root systems                               •	
Nutrients•	

The green roof system build-up can consist of:

Root resistant material•	
Moisture retention/protection layer•	
Drainage layer•	
Filter layer•	
Growing medium•	
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Plant Level

Substrate

Filter Sheet

Drainage Layer

Protection Mat

Root Barrier
Water-proofing*

*If the water-proofing is not root-resistant, 
a root barrier should also be used.

Roof Construction
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Green Roof Structure

Most extensive green roofs, and many intensive green roofs, are 
supplied as complete systems, which include all components 
for green roof construction from the insulation and waterproofing 
membrane to specialist soil mixes and vegetation.

These ‘all-in-one’ systems are useful in many applications, 
particularly where there is limited flexibility in terms of structural 
capacity as pre-made systems have a verified saturated weight. 
However, some suppliers of green roof systems may be able to supply 
and provide data for individual components which can allow for the 
possibility of bespoke designs.

The conditions of each individual site must be considered 
before construction begins, drawing on the skills of specialists:

drainage engineers for the hydrological aspects•	
ecologists for the biodiversity elements•	
landscape architects for the overall layout•	

Ideally each green roof is bespoke to different site conditions and local 
climate. Therefore, designing green roofs to take into consideration 
both the client’s needs and local microclimatic and bioregional factors 
will result in a better and more sustainable solution.
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Benefits of green roofs

Green roofs provide numerous benefits. By considering each 
benefit at the earliest stages of design it will be possible to 
create a multi-responsive green roof. 

Flood Reduction
An established green roof will significantly reduce peak flow rates and 
total rainwater runoff compared to a conventional roof. Green roofs 
store rainwater in the plants and substrate and release water back 
into the atmosphere through evapotranspiration and evaporation.

In summer, green roofs can retain 70 - 80% of rainfall and in winter 
they retain 10 - 35% depending on their build-up. Generally, the 
deeper the substrate the greater the average annual water retention.
 
Where green roofs are used on a new development, it is 
sometimes possible for cost savings made on drainage to be 
used to offset the additional cost of the green roof installation.

Increasing roof lifespan

Roof surfaces are constantly under attack from ultra-violet light and 
temperature change. The original green roofs in Germany in the 1880s 
were created when bitumen was covered with 6cm of sand, which 
colonised naturally with vegetation. This sand covering was to protect 
the bitumen from fire, however the covering was found to extend the 
life of the waterproof layer. Green roofs have now been shown to 
double, if not triple the life of waterproofing membranes.

Climate change mitigation

Buildings are responsible for ~50% of the UK’s CO2 emissions. 
A high proportion of these emissions are from heating and cooling. 
Reducing the energy consumption of the UK’s buildings will reduce 
their contribution to climate change.

Green roofs can significantly reduce the cooling load of a building, 
resulting in reduced air cooling requirements and therefore reduced 
energy consumption and associated output of atmospheric carbon.

The UK spends more money artificially cooling commercial 
buildings in summer than it does heating them in winter. Green 
roofs have been shown to impact positively on a building’s energy 
consumption by improving its thermal performance, this varies 
depending on the weather.

Poorly insulated roofs, as found on many existing buildings, will lead 
to overheating of spaces beneath them during the summer, and 
excessive heating demand during the winter. By retrofitting green 
roofs, both air conditioning and heating usage is decreased.Traditional Roof Green Roof
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Climate change adaptation

Green roofs are one of the most effective ways of combating the 
urban heat island effect and will therefore be part of the raft of future 
measures designed to help cities adapt.

Lessening the urban heat island effect

During the hot summer of 2003, night-time temperatures in 
London reached 9°C higher than outlying rural areas.

Green roofs have very different thermal qualities to conventional roofs. 
They tend to reflect more of the sun’s rays and shade and insulate 
the underlying structure. The evaporation of water from the soil and 
transpiration of water from leaves cools the roof.

Green roof thermal benefits.
Shade, albedo, evapotranspiration

Increasing Biodiversity

Different types of green roofs, substrate and vegetation will support 
different habitats and species. Biodiverse roofs can be designed to 
mimic various habitats. They can be especially important as a tool 
to recreate the pioneer (wasteland) communities that are sometimes 
lost when redevelopment takes place. Within urban areas, it is very 
often neglected brownfield sites that are the most biodiverse. The 
best designs may often be ones that support a range of habitats for 
wildlife, including substrates, microhabitats and substrate depths.

Green roof designs should vary in different parts of the UK to 
meet the objectives of local Biodiversity Action Plans.

How Dr. Brenneissen recommends varying substrate depth to 
encourage invertebrates.
Stephan Brenneisen, ZHAW
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Improving air and water quality

The urban heat island effect exacerbates ground-level ozone 
production, which is formed by a reaction between volatile organic 
compounds and nitrous oxides catalysed by heat and sunlight. It is 
classified as a pollutant and is the principal component of smog.

Green roofs can improve local air quality through mitigation of the 
urban heat island effect. A living roof can also help to remove airborne 
particles, heavy metals and volatile organic compounds from the local 
atmosphere. As these contaminants are retained by the green roof 
itself, their infiltration of the water system through surface runoff is 
lessened, in turn improving local water quality.

Reducing sound transfer

Rain hammer on some deck roofed buildings, including schools, have 
been concerns for building designers for some years. Sound escaping 
from industrial process and other noise processes can also cause 
issues within local communities.

The build-up of organic material within a green roof significantly 
reduces noise transfer through a roofs structure.

Amenity Space

Designing green roofs for people to access either physically or visually 
is a great way to get vegetation and some habitat types into the built 
environment. Whether designed as a roof terrace with paving and 
raised planters for full access by building occupants or the general 
public, or high level meadows of wildflower with limited access.

People will feel a benefit from being able to access the area.

The Fukuoka City Hall is a great example. By extending the vegetation 
up the back of the building, the cities only park was almost doubled in 
sizes. The terraces on the back of the building are fully accessible to 
the public and provide a great oasis in a city of glass and concrete.

Fukuoka City Hall, Japan
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Design Considerations 

a) Access and Fire Risk

Access
As with all roofs, and especially flat roofs, maintenance is required and 
therefore access must be considered. All green roofs require some 
degree of maintenance. LOW maintenance should not be interpreted 
as NO maintenance. Extensive green roofs require less maintenance 
than intensive roofs, but there is still a requirement to clear gutters and 
unwanted vegetation every year.

Fire Risk
First modern green roofs were installed as fire prevention measures. 
Although experience in Germany has shown that the risk of fire is 
small, dry vegetation on green roofs does have the potential to catch 
alight following prolonged hot weather.

The following measures are recommended to be put in place 
to reduce the risk of fire:
 

Vegetation barriers (intentionally un-vegetated strips) of pebbles •	
(20mm - 40mm) or paving (concrete) at 500mm wide to all roof 
penetrations and in front of all up-stands

 
Pebble or concrete paving in the vegetation at every 40m run, •	
with a minimum width of 1m or a 300mm high fire wall

 
Vegetation barriers are kept clear of encroaching plants by •	
routine maintenance

Tests in Germany (DIN 4102-7) have demonstrated that extensive 
roofs are unlikely to be ignited by sparks provided that the substrate 
base is a minimum of 30mm and contains no more than 20% organic 
content. Therefore it is recommended that green roof substrate does 
not contain more than 20% organic content.

b) Management of Design
 
Guarantees
If the green roof is bought as a package from a reputable firm and 
fitted by approved contractors, guarantees against faulty construction 
will be provided. Some green roof systems come with a guarantee of 
up to 20 years to cover defective product or workmanship.
 
Manufacturers and Supply
There are an increasing number of green roof component suppliers 
in the UK. Look for products which have guarantees and include the 
supplier in the design process as they will advise on options, loading, 
drainage and thermal performance.

Planning Consent/Permission
Incorporating a green roof into a development may gain support 
which can help to secure planning consent. It may be possible to 
retrofit green roofs on certain buildings without planning consent, 
although the planning authority should be consulted if there is doubt.
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c) Roof Structure

Outlet and Downpipe Requirement
There should be a minimum of two downpipe outlets per roof as a 
precaution against blockage. All outlets should be protected by an 
inspection chamber and surrounded by a pebble vegetation barrier 
to prevent plant encroachment. A green roof results in a reduction 
in total runoff volume and peak flow. The reduction in peak flow 
depends on the intensity of the rainfall and the level of saturation of 
the substrate before the rain began.

Structural Capacity
Structural loads on the roof depend on the type of green roof chosen 
and a structural assessment is always required. It is important that 
calculations incorporate the load when the substrate is saturated, as 
this will be when the loads are greatest.

d) Design Factors

Biodiversity 
It may take a while for a green roof to create the appropriate habitat, 
It cannot be assumed that a green roof will be immediately successful 
in conserving key species. It should also be noted that green roofs 
cannot replicate all habitats that occur at ground level. Certain species 
of plant require deep soil or shelter which cannot be feasibly created 
at roof level, and some soils which occur at ground level may be 
unsuitable for inclusion on a green roof build-up.

Irrigation
Extensive (including biodiverse) green roofs do not usually require 
irrigation, although they are often watered during the establishment 
phase (the first 4 to 6 weeks after installation). Semi intensive green 
roofs should not need to be watered unless there is a prolonged 
period (usually defined as six weeks) without rain.
 
Intensive green roofs are often irrigated. Deeper substrates are less 
vulnerable to drying out as they can store more rainwater, but the 
plants are more water dependent, so irrigation can be necessary.

Roof Pitch Formula

Pitch of the Roof
Any pitch of roof can be greened, to the point where the surface 
is vertical. Greening surfaces over 45° requires technology closer 
to that used for living walls, outside the scope of this document. In 
order to green steeply pitched roofs, more complicated designs and 
installation methods are required. Roofs from ‘flat’ (~3°) up to 10° can 
be greened with standard green roof products.
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Rainwater Harvesting
Storm-water runoff from a green roof is reduced compared to a 
traditional roof. However, rainwater can still be collected from a 
green roof and used for any non-potable applications. Water may 
be discoloured with leachates from the green roof substrates, 
however the colour can be used as a good indicator of the building’s 
environmental credentials. Where rainwater is harvested from green 
roofs, fertilisers should not be used.

Solar Thermal and Photovoltaic (PV) Panels
On roofs, both solar thermal and PV panels can be combined 
effectively with green roofs. It has been shown that the cooling 
effect of a green roof leads to performance improvements from a PV 
system mounted on A-frames, as the roof is cooler and the PV cells 
work at a higher efficiency.

Key technical design requirements 

Waterproofing
The most important element of any roof is that it is water resistant 
to ensure the integrity of the building is not compromised. The 
waterproof component of the roof must be confirmed as being sound 
before installation. A green roof should be installed over a root barrier, 
which can be incorporated into the waterproofing itself or may consist 
of an additional membrane on top.

Up-stand Details
Roof perimeters, up-stands, outlets and protrusions through the roof 
should be protected by an un-vegetated area of 20mm - 40mm with 
rounded shingles or paving slabs. This should be the same depth as 
the substrate and no less than 500mm across.

Outlet Inspection Chambers
All outlets and downpipes from the roof should have easily accessible 
chambers with removable covers to prevent materials being washed 
down, but also enables direct access for maintenance and inspection.

Loading Weight
It is fundamental that the saturated weight of the proposed green 
roof system is obtained and the information is given to a chartered 
structural engineer. All loading values are based on saturated loads.

Diagrams to show the 
required un-vegetated area 
of any green roof.

50
0m

m

50
0m
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Reasons
 
Water attenuation

Increase roof lifespan

Improve local air quality

Cool building / Reduce 
Urban Heat Island 
Effect

Conserve biodiversity

Improve water quality

Reduce sound transfer

Amenity space

Aesthetic impact

Design requirements

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.
Reservoir / drainage board with water 
holding capacity. 
Unrestricted water escape.

Substrate depth of at least 80mm.*
Double skin exposed waterproofing.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.
High % of roof covered by vegetation.
Varied types and heights of plants.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.
High % of roof covered by vegetation. 
Varied types and heights of plants.

Every green roof is being designed and installed for a reason, those 
reasons usually corresponds to one of the recognised benefits of 
green roofs. The advantage of a green roof, is that whichever benefit 
is being prioritised, some aspect of the others are also achieved.

From the list below decide what the reason is for your green roof 
(more information on each point can be found in the Benefits section), 
and keep that reason in mind as you design the roof.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.
Varied depths of substrate, undulate 
between depths across the roof.
Varied types and heights of plants.
Include ‘natural features’.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.
Specific substrates and minerals can be 
used to filter out particular elements.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm.

Substrate depth of at least 80mm,* 
ideally deeper < 200mm where planted.
Protection mat.
Drainage board.
Good safe access and stable walkways.
Edge protection of at least 1.2m height 
from top of substrate or walkways.

Substrate depth of at least 80mm,* 
ideally deeper.
High % of roof covered by vegetation.
Varied types and heights of plants.
May require irrigation.

* In line with the GRO Code 2011: www.greenroofcode.co.uk
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Access Requirements

Green roofs are typecast according to their depth and maintenance 
requirement. The following names for different green roofs have 
been adopted by the construction industry:

Access required
 
Minimum maintenance

Regular maintenance

Full public

Partial roof access

Visually overlooked 
access

Type of access

Access can be via ManSafe cable 
system or ‘cherry picker.’

Access can be via ManSafe cable 
system or ‘cherry picker,’ however, total 
personnel enclosure is preferred by the 
Health & Safety Executive.

Total personnel enclosure must be 
provided i.e. a perimeter barrier of 
at least 1.2m from the top of the 
substrate, must be in place to all open 
sides. Ideally any barrier should be set 
inside the line of the edge of the roof.

A viewing deck or enclosed patio is a 
good solution, however the perimeter 
must have barriers at least 1.2m from 
the top of the substrate or walkway.

This type of site can be via ManSafe 
cable system or ‘cherry picker.’

Considerations dependent on the green roof 
being new-build or retrofit?

Features of any Green Roof:

A building structure designed to take the loads of the green roof•	
Waterproof membrane and root resistant membrane•	
Protective sheet•	
Drainage system to allow excess water to leave the roof easily•	
500mm gravel or paving margin to all roof penetrations•	
Up-stands of a suitable height to prevent material being blown •	
off the roof
A 1m wide, 300mm tall un-vegetated barrier every 40m•	
Growing medium with no more than 20% organic matter•	

New-Build Specific Green Roof System - No matter what 
species of plants are specified, for them to flourish the green 
roof system needs:

Sunlight•	
Moisture•	
Protective sheet•	
Drainage•	
Aeration to the plants root systems•	
Nutrients•	

To achieve this, a successful system must replicate nature, but within 
a compressed space. Most green roofs will have depths of between 
80mm and 200mm, only roof gardens incorporating turf, shrubs and 
trees would be expected to have greater depths.
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A common green roof build up consists of:

Roof resistant barrier•	
Protection layer•	
Drainage layer•	
Filter layer•	
Growing medium•	
Vegetation•	
Appropriate components i.e. outlet inspection chambers, •	
500mm vegetation barrier.

Retrofit Specific Structural Capacity
When retrofitting a green roof on to any building it is advisable to 
have a suitably qualified person undertake a structural survey of 
the building. Many older buildings were over designed/engineered 
and have spare capacity in their structure, which will allow green 
roofs to be fitted without additional construction. Conversely, many 
newer buildings and industrial units are built near to the limits of their 
capacity. The loading of the green roof must be established before the 
survey is carried out to ensure capacity. Once the building’s general 
loading capacity is known and any strong or weak loading points 
identified, the green roof can be designed to suit, or the capacity of 
the building can be adapted. Deeper substrate depths can be placed 
where loading capacity is higher i.e. above supporting columns.

Water Escape
When a green roof is being designed, there will be an anticipated level 
of water retention within the layers and substrate. It is crucial to the 
success of the roof that any excess water is drained from the roof as 
quickly as possible. This will prevent ponding and over-loading.
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Plant Level

Substrate

Filter Sheet

Drainage Layer

Protection Mat

Root Barrier
Water-proofing*

*If the water-proofing is not root-resistant, 
a root barrier should also be used.

Roof Construction



Construction Practice

How do different green roof systems affect construction?

a) Mat-Based Green Roofs - Typically consist of pre-grown mats of 
sedum or meadow flowers placed over water retentive material (e.g. 
horticultural rock wool), or a thin layer of substrate. Pre-cultivated 
mats are a good solution for wind-exposed areas, as they hold 
additional substrate in place. Biodegradable nets can be secured to 
hold the mats in place. These materials simply require rolling out like 
turf, cutting to size and watering in. The rolled up vegetation mats will 
suffer if they are stored in rolls for more than 48 hours. Aim for these 
to arrive on site the day they are to be installed.

b) Substrate-based Green Roofs - Layers of growing medium, 
which support plant growth. The materials come to site as separate 
elements; the moisture mat, drainage board and filter layer. The 
substrate will be delivered in bulk bags, craned on to the roof and 
spread or blown using hoses.

c) Biodiverse / Wildlife Green Roofs - Locally sourced aggregates 
and natural features are used to recreate habitats for specific species 
or a variety of flora or fauna. Successful biodiverse and wildlife roofs 
need a high level of design input from specialists if they are to provide 
suitable habitats for the target species. Biodiverse roofs are normally 
left to vegetate through natural colonisation but may also be seeded 
with a local wildflower seed mixture or suitable wildflower plugs.

All green roofs, which include intentional vegetation, should be 
watered-in for between 4 and 6 weeks after installation, depending on 
the weather at the time.

How should delivery and storage of materials be organised?

a) Programming - Ideally the green roof should be the last element 
of constructions on any development. Elements of the roof which are 
living products i.e. plants, must be delivered in a ‘just in time’ manner.

b) Vegetation Care and Preparation - Ensure good water pressure 
is available at roof level. All plants and pre-grown mats should be well 
watered while in storage and after installation. Depending on weather 
conditions, 6 or 8 weeks of watering may be required.

c) Site Storage - Where materials come on to site that need to be 
stored, care should be taken to reduce the risk of damage. Bulk bags 
of substrate should not be stacked more than two bags high and the 
substrate should not get mixed with other aggregates.

d) Delivery to the Roof - Materials should be stored at ground 
level and carried, craned or pumped up when required. Ensure that 
materials are not stored, even for a short time, in a single area on the 
roof - although a building may be designed to take the additional load 
of a green roof, this is usually based on even distribution.

Are there seasonal considerations when planning green roofs?

a) Planting Seasons - Spring / Autumn are the best times to install 
a green roof and ensure successful establishment. It is recommended 
that green roofs are not installed during Summer - this needs to be 
factored into the construction programme.

b) Exceptions - Biodiverse roofs, which are not intended to have 
plants on them from an early stage, can be installed at any time.
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Biodiversity & Planting

What are the main types of green roof plant?

a) Choosing Vegetation - Vegetation is what defines a green roof. It 
determines the visual character and quality of the roof. Its successful 
establishment is therefore central to a successful green roof. Whilst 
roofs covered purely in substrate or aggregate will have benefits, 
the plant layer will enhance and magnify those benefits. Vegetation 
protects the substrate from leaching and erosion; it traps, absorbs 
and evaporates rain water; contributes to cooling the roofs surface; 
provides food and habitat for invertebrates and birds; and will aid the 
capture of air pollutants and provide a sink for atmospheric carbon.

The green roof environment is particularly harsh for plant growth: 
very shallow growing medium; limited water and nutrients; increased 
exposure to wind and intense sunlight. But it is not an impossible 
environment, and a large number of plants are well adapted to coping 
with drought stress or very shallow soils because the places that they 
grow naturally are very similar: rocky cliffs, dry grasslands, etc. Many 
green roof plants are low and spread, to effectively cover the surface. 
There are many other more specific conditions for plant choice that 
may be related to a specific function or type of roof: the aesthetics 
of the plant, whether it provides a food source for invertebrates, is it 
characteristic of a particular habitat or region, etc.

Sedums are the most widely used plants for green roofs. They are 
supremely drought-resistant, and able to grow in shallow, free-
draining substrates. Many grow naturally on bare rock surfaces. They 
were widely used in the early days of the development of extensive 
green roofs because they naturally colonised aggregate-covered 

flat roofs. However, sedums have come to have a rather negative 
association on ecological grounds. This is to some extent unfounded, 
and is more to do with the way they are used, rather than with the 
plants themselves. Sedum-only mats used in ‘super-lightweight’ green 
roofs with little or no substrate can result in low-diversity roofs, with 
sparse or poor plant growth. However, when used in substrate-based 
systems, and when mixed with a wider diversity of plants, sedums 
can provide an essential ‘fail-safe’ against summer drought, and 
provide an excellent nectar source during the flowering period.

b) Succulents / Sedums - Succulent species store water in their 
leaves and have considerable moisture-conserving abilities. Green 
Roof Sedums are the most commonly used: mostly evergreens, with 
year-round plant cover, and a wide variety of leaf shapes and colours.
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Most species flower in May and June and the most common flower 
colours are yellow or pale pink. Reliable and widely used species 
include Sedum album, S.acre and S.rupestre (widely naturalised 
in the UK). These species all have relatively small leaves, as does 
S.hispanicum. S.spurium has larger, flatter leaves and provides a 
visual contrast to the other types in a mixture.



c) Flowering Plants - Herbaceous species and alpines: Plants in this 
group give visual, structural and ecological diversity to a green roof.
Widely used and reliable species include Tunic Plant, Petrorhagia 
saxifraga with pink flowers on dense, finely leaved plants, and Chives. 
Dianthus species such as D.deltoides and D.carthusianorum are 
effective, the latter seeding freely around a roof from year to year.

e) Native Wildflowers - The increasing interest in green roofs for 
biodiversity has led to great interest in the use of native plant species.
Dry grassland plant communities offer much potential.
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d) Grasses - Grasses can form the sole component of green roof 
vegetation, but on their own can be prone to drought damage and 
die-back on un-irrigated green roofs. As part of mixed vegetation they 
provide visual contrast and structural diversity. Freely seeding grasses 
can dominate a roof and lower vegetation diversity. Koeleria glauca 
and K.macrantha are suitable, as are many Festuca species.



How can plants be established on a green roof?

a) Pre-grown Vegetation Mats - Vegetation mats offer instant 
greening, to a known specification. A geotextile mat supports a thin 
layer of growing medium, into which the plants are established at the 
plant nursery before being transported to the site. The most common 
type are sedum mats, composed of a mix of different sedum species. 
These mats are often laid over minimal depths of substrate or directly 
onto a moisture retention mat, thereby creating very lightweight 
systems, and in some instances this may be the only option available. 
Good contact between the mat and whatever is underneath is 
essential during the establish phase, and irrigation may be necessary.

Species-diverse vegetation mats are also available for green roofs, 
these may contain sedums, but also include a range of flowering 
plants. Such mats have greater aesthetic appeal and biodiversity 
value, but must be used with a substrate layer. Wildflower turf can 
contain a good range of appropriate native species. Turf should only 
be considered where irrigation is available and a reasonable depth of 
growing medium is being used.

b) Plug planting - Plugs are small rooted cuttings or seedlings, 
grown in small compartments in cell trays containing compost. They 
are relatively cheap and allow a roof to be vegetated with a known 
mix of plants in the desired densities and arrangements. The plugs are 
planted directly into the substrate. Typical density of planting is 10-15 
plants per m². Planting in staggered rows ensures an even coverage.

The plugs should not be allowed to dry out in the trays, and should be 
thoroughly moistened before planting (dry plugs will hinder or prevent 
root outgrowth into the surrounding green roof growing medium), 
and the roof kept moist until the plug plants begin to root out into the 
growing medium. Sedum species are also available in larger plugs or 
discs, which are established in exactly the same manner.

In some instances, desired plants may not be available as plug plants, 
and container grown plants may have to be used. The smallest 
container size possible should be used (the mass of highly organic 
compost in most nursery obtained container plants can hinder new 
root growth out into the more harsh green roof growing medium. If 
container plants are to be used, the roots should be loosened prior 
to planting to enable the greatest contact of roots with the green roof 
growing medium.

c) Cuttings - Sedum species root readily from fragments of leaves 
and stems. Bags of sedum cuttings are readily available, which are 
strewn across the surface of the leveled growing medium on the roof. 
It is essential that the cuttings remain moist until rooting has occurred. 
On a large scale, ‘hydro-seeding’ techniques are used, whereby the 
cuttings are pumped out onto the roof in slurry of water-retentive 
gel and nutrients. The additional moisture holding capacity aids 
establishment.

40 41



d) Seedings - An alternative approach that is particularly useful if 
the growing medium is very coarse and seeds are likely to fall or be 
washed deep into the substrate is to thinly spread a pre-inoculated 
(i.e. containing the required seed mix) layer of sand or fine growing 
medium over the surface. The seed will already be incorporated into 
the growing medium and the surface will only require a light firming.

Seeding is best undertaken in the autumn or late winter/spring.
Some species require winter chilling, and therefore spring sowing of 
the plants would not be effective.

e) Natural Colonisation - The most cost-effective and ‘ecological’ 
approach to vegetating green roofs is to allow natural colonisation: 
enabling plants which blow on to the roof surface naturally, or which 
are brought there by birds. It is a good vegetating technique for 
biodiverse roofs. Those plants that establish, survive and persist, 
will be well adapted to the green roof conditions and will also be 
reflective of the typical vegetation of disturbed sites in the immediate 
area. It is best used with infertile or freely draining substrate - rich and 
productive substrates can encourage a rank, low-diversity outcome. 
However, this method leaves very little control over the composition of 
the vegetation, and only certain types of plants are able to get to the 
roof. Many of the really tough and reliable green roof plants are not so 
mobile and would never get to the roof by these means. The aesthetic 
appearance can be very wild due to the lack of control, however, 
interesting and unexpected species can arrive, creating a unique roof.

There is no need to be restricted to using one method only, plug 
plants can be used to create reliable and known vegetation, and a 
seed mix sown between. Sowing and planting of desired species onto 
biodiverse roofs can enhance natural colonisation.

Which species are to be conserved on the green roof?

Biodiverse or wildlife roofs are designed to either replicate the habitat 
for a particular species or create a range of habitats to encourage an 
array of species. Roofs that replace or replicate habitats are becoming 
more common in the UK. These roofs are referred to as: biodiverse; 
brown; rubble; brownfield; eco; habitat or even by the name of the 
species they are aimed at, i.e. Black Redstart roof.

A wildlife roof is not necessarily the least expensive option, nor should 
it be considered as an opportunity to recycle unscreened site waste 
on the roof of a new development. British Building Regulations outlaw 
the direct transfer of demolition waste to roof level, without adequate 
screening for potentially polluting elements within the materials. Such 
materials may not be suitable to attract intended species.

Substrates such as topsoil are very fertile and heavy when saturated 
and may have the seed or propagules of undesirable species within 
them, leading to a higher maintenance requirement.
 
When designing a wildlife roof, consider: which species are to be 
conserved? As with any green roof, the growing medium is key to 
the success and should complement the essential elements to the 
survival of the species, e.g. invertebrates prefer less compacted 
substrates that can be burrowed into to escape the midday sun.

Before deciding on which habitat to create or species to target, 
consult your Local Biodiversity Action Plan (LBAP) to highlight priority 
species and their favoured habitat in need of protection in your area. 
These are available online or from your local Wildlife Trust. LBAP’s 
apply to habitats, plants, invertebrates and birds.
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What additional features should be included to promote a 
biodiverse green roof?

a) Substrate for biodiverse and wildlife roofs - Not considered a 
growing medium. When specifying a biodiverse green roof a particular 
type of habitat is usually trying to be achieved.
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b) Mosaics of habitat - If the roof is large enough, it may be possible 
to create a variety of microhabitats to increase the sites attractiveness 
to plants, invertebrates and birds. You may want to section off the 
roof or have a different habitat on each roof space. Different habitats 
can be created with substrates, plants and depth.

c) Vegetation - Many wildlife roof designers allow self-colonisation to 
occur on the roof, thereby allowing a more locally appropriate habitat 
to develop from the local seed bank.

Pre-grown vegetation mats are normally unsuitable for wildlife roofs 
due to the small number of species they contain. It is also difficult for 
invertebrates to dig into the mats and make nests below the surface, 
with the exception of those grown specifically for the purpose.

d) Natural features to attract wildlife
Logs - Trees sawn into logs of no more than 600mm in length, laid on 
top of each other to provide nesting for insects and perches for birds. 
Stacked to no more than 350mm high.

Clean / Cleaned Bricks - Dumped in a pile to provide habitat for 
spiders and insects. Stacked to no more than 350mm high.

Stones - Local stone, cobbles or rocks can be used to create 
mounds for insects to live in and birds to peck through. Stones should 
be no more than the size of a fist or in the case of flat stone about the 
size of a plate. They must be stacked no more than 350mm high.

Sand - Ordinary sharp sand or builders ballast can be used to create 
either sand beds or sand mounds for species of insect and especially 
bees which nest in sand. Mounds should not be higher than the top 
of the nearest upstand.

Note: Demolition waste and site won materials can not be put 
straight on to the roof without screening for possible contaminates, 
harmful materials and there may also be seed banks of undesirable 
plants within any fine material.
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Maintenance

How should maintenance be managed?

a) Maintenance - Perceived to be one of the greatest barriers to 
their installation. The maintenance schedule should be considered 
during the design process, when the demand for maintenance input 
can be anticipated. There is no such thing as a ‘no’ maintenance 
roof. it is strongly advised to include the cost of the post installation 
maintenance programme within the budget and tender documents.

Biodiverse and low-maintenance roofs will still require visits once or 
twice a year to clear gutters and drains. Roofs near to deciduous 
trees also need maintaining in late autumn to clear leaves.

b) Extensive <100mm Low Nutrition Substrate - Drainage outlets 
and inspection chambers cleared of vegetation, as with any roof.
Ensure outlets and shingle perimeters are clear of plants.

c) Semi Extensive - 100mm to 200mm low to medium nutrition 
substrate - Drainage outlets and inspection chambers cleared of 
vegetation. Ensure outlets and shingle perimeters are clear of plants. 
Removal of undesirable vegetation 6 monthly.

d) Intensive - 200mm+ medium nutrition substrates and top soils - 
Drainage outlets and inspection chambers cleared of vegetation.
Ensure outlets and shingle perimeters are clear of plants. Take care 
of lawns, hedges, etc. Replacement of failed plants exceeding 5% of 
plants installed. Replenishment of any areas of settled substrate.
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e) Biodiverse - Very low, to low nutrition - Drainage outlets and 
inspection chambers cleared of vegetation. Ensure outlets and 
shingle perimeters are clear of dead and live plants. Low vegetation is 
common and none is general undesirable.

f) Post Installation - Many contractors will include, or at least 
suggest, an agreed period of regular maintenance. This is especially 
important whilst the roof is establishing. Some extensive green roof 
system suppliers will have their own approved contractors who will 
monitor progress immediately following installation and after the first 
full growing season (usually between 12 - 18 months) before finally 
signing over maintenance duties to the building manager.

increasing numbers of contractors have received specialist training in 
green roof care from organisations such as GRO and BALI.

What are the key factors that should be considered during 
maintenance?

a) Undesirable Plants - All efforts should be made to prevent drains 
becoming blocked and the growth of unintentional vegetation which 
could be detrimental to the intentional planting regime, biodiversity 
aims and the building fabric (Buddleia, for example, should be 
removed while still immature).

b) Irrigation - Access to a water point is essential during the 
establishment stage of most green roofs. However, on an extensive 
green roof, a permanent irrigation system is not necessary. This may 
be required on intensive roofs in rain-shadowed locations. The deeper 
the substrate, the more moisture it can hold to ensure plant survival 
during dry periods.
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c) Fertilisers - The preferred option is not to fertilise extensive green 
roofs, as species diversity may be reduced and the use of fertiliser 
will result in increased nutrient levels in storm-water runoff, which 
will negatively affect local water quality. Where fertiliser is required to 
maintain the health of particular plant species, fertiliser application 
should be kept to a minimum and should be in accordance with the 
advice of the supplier. Where rainwater is harvested from a green roof, 
fertiliser should not be applied.

d) Fire Breaks - Vegetation breaks/barriers have an important safety 
function and prevent the spread of fire. All vegetation barriers at up-
stands, roof penetrations and firebreaks must be maintained at their 
original width and cleared of any encroaching plants.

e) Drain Heads and Outlets - All drainage points must be 
checked every year and cleared out if necessary to ensure optimum 
performance. Excess water must be able to leave the roof, to avoid 
ponding and overloading.

f) Health and Safety During Maintenance - Where maintenance 
will be undertaken within 2m of the edge of a green roof, fall 
protection must be provided. It is important that fall protection 
systems are themselves maintained once a year. There are examples 
of green roofs on low-rise buildings that are now being designed 
so that the complete roof can be accessed from a cherry picker to 
reduce the risk of accidents.
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How can damage be minimised during maintenance?

a) Build-Up Awareness - Ensure anyone working on the roof is 
briefed as to the build-up of layered components.

b) Tools - Tools must be carefully chosen so as not to interfere or 
damage anything below the substrate.

c) Programme - Works should be programmed in order to minimise 
the amount of traffic across the green roof after installation. Repeated 
walking on a limited area of green roof will result in substrate 
compression and damage to vegetation.



Glossary of green roof terms

Biodiverse Roof
Wildlife or brown roof designed to either replicate the habitat for a 
single or limited number of species or to create a range of habitats to 
maximise the array of species, which inhabit the roof.

Brown Roof
Biodiverse or wildlife roof designed to either replicate the habitat for a 
single or limited number of species or to create a range of habitats to 
maximise the array of species, which inhabit the roof.

BS
British Standards formulated by the British Standard Institute (BSi).

Drainage Layer / Reservoir Board
Part of the standard green roof build-up, which allows excess water 
to drain away to the down pipe outlets. Some drainage layers also 
provide a reservoir effect to retain moisture for a longer period to 
help maintain. Drainage layers may be made of a variety of materials 
including hard plastic, foam or coarse gravel.

DIN Standards
Deutsches Institut für Normung “German Institute for Standardization.” 
DIN Standards are the published results of DIN’s work.

Extensive Green Roof
Low nutrient and low maintenance, also often designed to be 
lightweight. Not irrigated. Usually shallow substrate, typically less than 
100mm, and often vegetated with sedum.
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Filter Fleece / Fines Layer
Part of a standard green roof build-up, which prevents fines and 
sediments from being washed into the drainage system.

FLL
Forschüngsgesellschaft Landschaftsentwicklung Landschaftbau 
(Landscape Research, Development and Construction Society)
www.fll.de

Green Roof
A roof or deck onto which vegetation is intentionally grown or habitats 
for wildlife are established, including: extensive, intensive and semi-
intensive roofs; roof gardens; biodiverse roofs; brown roofs; public 
and private amenity spaces.

The Green Roof System
The layers of material, which make up a green roof build-up.

Growing Medium / Substrate
An engineered soil replacement specifically designed to give green 
roof plants what they need to survive and to allow water to be 
absorbed and drain away. Substrates contain specified ratio of 
organic and inorganic material.

GRO
Green Roof Organisation: The industry forum for green roof 
development and promotion in the UK, facilitated by the NFRC.
www.greenroofcode.co.uk

HSE
Health & Safety Executive.
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Hydro Seeding
Spraying a specially designed blend of seeds and growing medium.

Intensive Green Roof
A green roof that requires intensive maintenance. Usually irrigated and 
usually with more than 200mm depth of substrate. Equivalent to a 
garden and usually referred to as a roof garden.

Protection Layer
Relatively thick (2mm) geotextile blanket, which provides protection 
to the waterproof membrane while the other parts of the green roof 
system, are being installed.

Reservoir Board / Drainage Layer
Part of the standard green roof build-up, which allows excess water 
to drain away to the down pipe outlets. Some drainage layers also 
provide a reservoir effect to retain moisture for a longer period to 
help maintain. Drainage layers may be made of a variety of materials 
including hard plastic, foam or coarse gravel.

Root Barrier
A membrane or layer designed to prevent roots from penetrating the 
waterproofing layer and building fabric.

Sedum
A genus of about 400 species of low growing leafy succulents, which 
are drought tolerant and found throughout the northern hemisphere. 
Not all species are suitable for roofs.
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Semi-intensive Green Roof
Intermediate green roof type with characteristics of both extensive and 
intensive green roofs. Typically 100mm to 200mm substrate depth, 
sometimes irrigated, occasionally managed, and usually planted with 
a range of species.

Standard / Traditional / Conventional Roof
Un-vegetated and non-absorbent roofs i.e. asphalt, single ply, mineral 
felt, liquid applied, metal deck etc.

Substrate / Growing Medium
An engineered soil replacement specifically designed to give green 
roof plants what they need and to survive and to allow water to be 
absorbed and to drain away.  Substrates contain specified ratio of 
organic and inorganic material.

System
The term given to the combination of layers in a green roof build-up.

SUDS
Sustainable (Urban) Drainage Systems.

Vapour Barrier
Typically a plastic or foil sheet that resists diffusion of moisture through 
wall, ceiling and floor in a buildings.

Wildlife Roof
Biodiverse or brown roofs designed to either replicate the habitat for a 
single or limited number of species or to create a range of habitats to 
maximise the array of species.
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This guide has been developed in partnership with national and 
European experts including The Green Roof Centre at the University 
of Sheffield, Livingroofs.org, GRO (Green Roof Organisation), the 
Environment Agency and Homes & Communities Agency.
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