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Foreword 

The transition to a low carbon world will perhaps be one of the most 
defining events of the 21st century. Since the 1800s and the industrial 
revolution the human race has become accustomed to extracting the 
earth’s resources, powering nations with coal and burning masses of 
petroleum to move from place to place. 
Throughout the 19th and into the 20th century the urban environment 
was consumed by a blanket of smoke that belched out from chimneys, 
factories, mills and homes. As a result of our gluttonous consumption 
of natural resources it has only taken 150 years to pollute the earth’s 
atmosphere to a perhaps irreparable point where we experience dramatic 
changes in weather patterns, air quality and temperature.

In the late 20th century it became apparent that unless the human race 
drastically alters the way it lives it may witness the degradation of its 
atmosphere, the result of which would be catastrophic. 
In an attempt to repair the damage caused by our inconsiderate use of 
fossil fuels there have been many strategies devised and technological 
developments such as wind turbines and solar panels to help mitigate Co2 
emissions. 

My interest in improving the environment is perhaps one of the leading 
drivers fuelling my ambitions as an architect. I am aware that around 50 
percent of the total output of Co2 in the UK (H.F. Castleton et al, 2010) 
comes from the built environment either during construction, use or 
through demolition. One of my primary aims as an architect is to design 
with the environment at the forefront of my mind and create buildings that 
help to mitigate our impact on the earth.

The living envelope is of particular interest because its natural 
soft appearance immediately gives the impression that a building is 
environmentally friendly, making an effort to give back instead of 
inconsiderately consuming resources. The reason for this study is to 
investigate and answer my question



Do living envelopes have the potential to affect the performance 
of buildings and contribute to the mitigation of carbon output 

from the built environment? 



Pont Max Juvenal, Aix en Provence 
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Introduction

With the world’s population close to 7 billion (World Population Prospects 
– 2010) and predicted to rise to 10.6 billion in 2050 the world will see an 
inevitable increase in the demand for buildings and services of all kinds. The 
built environment is one of the largest contributors to global warming both 
during construction and through the life of the building, around 50 percent 
of the total Co2 emissions in the UK (H.F. Castleton et al, 2010).  As cities 
become more densely packed carbon emissions may be increased due to 
the demand for mechanical services and open green spaces may make way 
for new structures. This could have a detrimental effect on the humans 
wellbeing, the levels of biodiversity in built up areas and the environment as 
a whole. 

The EU and UK governments have set targets to reduce carbon emissions 
and to increase levels of greenery and biodiversity by 2050 (The UK 
Climate Change Act 2008 - Hill. K - 2008) even though the population 
is set to increase, this results in more stringent building regulations and 
increasing the demand for innovative technologies and alternative energy 
sources. 
In contemporary buildings features such as natural ventilation, water 
reclamation, solar energy generation and geothermal technologies have 
become more common and designers and architects are making efforts to 
create more passive buildings that rely on nature to service buildings and 
create a comfortable atmosphere. 

The living envelope is thought to have properties that improve the 
performance of a building while injecting greenery and habitat for wildlife in 
a harsh city centre environment however in climate change strategies and 
biodiversity action plans created by government (Citywide Climate Change 
Strategy – No Date) living envelopes are not recognised as a technology 
that could improve performance and help to deliver targets by 2050. 

In a time where many natural and mechanical systems are put in place 
to tackle a number of issues the living envelope is said to provide many 
benefits for a wide range of problems in one system, in addition to 
biodiversity benefits of living envelopes are thought include climate change 
mitigation, air quality, water quality, storm water management, climate 
change adaptation and amenity.

This study will investigate the theory and technological developments 
of living envelopes to assess their value and potential for improving the 
environment in urban areas.

Through critical evaluation of existing examples the study will examine 
whether or not living envelopes are in fact a success and if they have the 
potential to be a major contributor to EU and UK targets.  

A case study will be carried out based on buildings in Newcastle upon 
Tyne to further explore the potential of living envelopes and so see if it 
is feasible to incorporate them in the design of building or how they can 
improve existing buildings through retrofit. 



First Street Green Wall 
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The living envelope 

The built environment is one of the largest contributors to global warming 
both during construction and through the life of the building, around 50 
percent of the total Co2 emissions in the UK (H.F. Castleton et al, 2010). 

For many years living envelopes have been a common feature found in 
vernacular styles of buildings in Northern Europe (BUILDING GREENer, 
2007). Usually of turf construction, over 50 per cent of the population 
of Iceland lived in green roofed buildings in 1900. Many examples of 
these traditional methods of construction can still be found preserved in 
Northern Scotland, Iceland and other Scandinavian countries. 

The living envelope can be thought of as one complete system but there 
are two major components that make up the system, the green roof and 
green wall. 

Green roofs are typically vegetated layers that are installed on top of 
waterproofing and protective layers; the system includes suitable irrigation 
systems and fertilisers capable of supporting plant life and in many cases 
wildlife.

Examples of green roofs can be seen on buildings from as early as 
the 1970’s. In 1971 construction started on the Willis Faber & Dumas 
Headquarters, Ipswich (Willis Faber & Dumas Headquarters - No Date). 
Designed by Foster + Partners it was seen as one of the pioneering 
examples of environmentally and energy conscious design. Incorporating 
many environmentally friendly technologies one of the main features was a 
rooftop green space for its employees. 

The green roof in this case was not used to grow crops or plant substantial 
trees and shrubs but was aimed at providing an open green space for 
employees, a stark contrast to the surrounding urban grain. Due to the 
buildings many innovative design a feature, one of which is the green roof, 
has since been given grade one listed status in an effort to preserve it and 
recognise it as an example of forward thinking. 

Willis Faber & Dumas Headquarters Roof 



The living envelope 

More contemporary examples include Sharrow School, Sheffield. The 
new junior and infant school building was designed to integrate with 
the surrounding landscape of Mount Pleasant Park (Sharrow School – 
2010), and to make a bold statement about the school’s commitment to 
sustainability. 

The schools green roof scheme was designed by Dr Nigel Dunnett of the 
University of Sheffield and incorporates many plant species, it also features 
a pond, dry stone walling and a weather centre to assist with research. The 
roof provides added value by assisting with the control of storm water, 
humidity, noise, heat and pollution. A by-product of the roof was to create a 
haven for local wildlife using recycled material.

Sharrow School Aerial View 



It could be said that in the early 1990’s green walls became more common 
in buildings after developments by the Paris born Patrick Blank were 
such a success that he was invited to exhibit his work in the international 
festival on gardens and landscapes in Chaumont-sur-Loire. With the help 
of architect Michel Mangematin, Blanc exhibited work that launched his 
concept into the forefront of architectural design.

A contemporary example of a vertical garden is Quai Branley Museum, 
Paris, and Completed in 2006. The original proposal for the building was 
to clad the facade in metallic panels reminiscent of ivy. Jean Nouvel, the 
French architect, commissioned Patrick black to create a vertical garden 
to surround the large window frames and softens the harsh curves of the 
original design.

Since the introduction of green roofs and walls many different systems have 
been developed although the theory behind them has remained the same 
and in principal is extremely simple, to provide a system to a building that 
is capable of supporting plant and animal life in order to reduce a buildings 
impact on the environment. 

They aim is to result in minimal loss of green space after the construction 
of a building. In theory a roof can provide the same amount of green space 
as has been taken away by the buildings footprint. The incorporation of 
green walls provides an opportunity to exploit a buildings verticality and 
add to the amount of plant life and biodiversity given back by the building. 

The living envelope 

Quai Branley Museum, Paris



Caixa Forum Madrid 

Benefits of Living Envelopes



The application of a living envelope not only provides a green space that 
is aesthetically pleasing and capable of supporting wildlife but benefits 
the buildings energy performance through shading hard surfaces and 
evaporative cooling. According to a report by (H.F. Castleton et al, 2010) 
in summer the exposed area of a black roof can reach 80°C when the 
equivalent area beneath a green roof is only 27°C. 

The Report documents an experiment carried out by Lui and Minor (2005) 
who planted two different green roof systems, each with 75–100mm of 
lightweight growing medium in Toronto, Canada. Heat flux transducers 
were placed below the green roof membranes. A reference roof of the 
same type (steel deck with thermal insulation above), without greening, 
was used for a comparison. By measurement they found that the heat 
gain through the green roof was reduced by an average of 70–90% in the 
summer and heat loss by 10–30% in the winter.

Living walls have the ability to significantly reduce the external maximum 
local temperature (Building Greener, 2007) by shading its surface from the 
sun, the daily temperature fluctuations can be reduced by as much as 50 
per cent. Temperature fluctuations at the walls surface can be reduced from 
between 10°C and 60°C to between 5°C and 30°C (Greenbacks from 
Green Roofs – 1999).

Benefits of living envelopes - Thermal performance 



Living Walls 

Living walls can have a dramatic effect on a buildings thermal performance 
through both the plants natural properties and the technology involved in 
installing them. 

Many systems have the ability to include thermal insulation within the 
system. The cavity created by the framework can become home to rigid 
boards of insulation resulting in better thermal performance. 
Equally in winter the framework and planting can provide protection 
against cold by creating a layer of still air between the plants and the 
primary structure which acts a protective barrier, reducing convection at 
the walls surface. The thickness of planting is directly related to the living 
walls thermal performance benefits (Building Greener, 2007).

Living walls are often more beneficial for their protection against unwanted 
solar gains. By selecting the appropriate plant species and installing the 
system on the most effected walls, primarily the south facing wall, a 
layer of shaded, cool air can be produced. This coupled with the support 
structure shields the face of a building from direct sunlight and reduces the 
convection of higher temperatures into the building.

Benefits of living envelopes - Thermal performance 
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Protection from cold
Image by author - Information from: Building Greener, 2007

Protection from solar gain
Image by author - Information from: Building Greener, 2007



Benefits of living envelopes - Thermal performance 

Examples such as those seen  seen in the living walls of Centro Direzionale 
Forum, Rimini, climbing plants can be used as solar shading and can be 
extremely beneficial in the warmer regions of the world. 

This living wall uses a system where roots of Rhynchospermum 
Jasminoides, a climbing evergreen with fragrant white blooms in May and 
June accompanied by White Wisteria and Shrub Roses are planted in 
recessed gutters running along the length of each balcony, this allows the 
climbing plants to cover the lattice framework allowing the planting to 
produce a shaded area where cool air can circulate and reduce the internal 
temperature of a building while still allowing light to permeate

Primary Structure

Light Permeating 

Air Permeating 

Recessed Gutters

Steel Frame Support

Ground Level 
PlantingClimbing wall section

Image by author - Information from: Centro Direzionale Forum Section, 2006



Benefits of living envelopes - Thermal performance 

Variations on the design can be seen in Innenhof Westpark, Zurich. The 
building designed by Raderschall Landschaftsarchitekten uses a simple 
method to support planting. 
A cable spanning between two elevations inside of a courtyard provides 
anchor points for strategically spaced vertical cables onto which climbing 
pants are planted and allowed to climb.

Cable Spanning Courtyard

Climbing Plants Providing Shade

Climbing wall section
Image by author - Information from: Innenhof Westpark Zürich, No Date



Benefits of living envelopes - Thermal performance 

Living walls can be used to shade windows through the selection of plant 
species. If the system is installed above glazed surfaces hanging plants or 
plants with large leaves can be plated and allowed to hang down over the 
glazing, again reducing the convection of solar radiation and contribute to 
the cooling of a building.

Using living walls to provide insulation or solar shading effectively will have 
an impact on the running costs of any building as the temperature can 
be regulated without using mechanical heating or ventilation systems, the 
daily temperature fluctuations can be reduced by as much as 50 per cent 
(Greenbacks from Green Roofs – 1999). This makes the concept attractive 
to designers and architects who have environmentally beneficial strategies 
leading their design approach.

Long Leafed Plant Providing Shade

Solar shade diagram
Image by author - Information from: Bio Tecture Ltd, 2010



Benefits of living envelopes - Thermal performance 

Reduction of heat flux and solar reflectivity 

A report by H.F. Castleton et al (2010) shows that in summer the 
exposed area of a black roof can reach 80°C when the equivalent area 
beneath a green roof is only 27°C, when temperatures increase on a roofs 
surface some of the heat is able to radiate through the structure causing 
temperatures to rise within the internal space increasing the demand for 
mechanical services which not only raises service costs but causes huge 
outputs of Co2. 

Green roofs cool through heat loss and improved reflectivity of incident 
solar radiation, it was found that in warm conditions on an exposed roof 
heat accumulated during the day is stored within the structure and radiated 
during the night whereas planted roofs suffer from far less unwanted solar 
gain therefore reducing this effect.

Measurements at various heights above a green roof showed that after 
sunset the ambient air temperature above planting was significantly 
reduced and continued to cool the ambient air during the night whereas 
on a hard exposed roof stored heat radiates throughout the night and 
increases the ambient air temperature.

Thermal mass

Living envelopes not only have the ability to reduce unwanted solar gain 
during warm periods they can become extremely valuable insulative 
layers, preventing heat loss and providing thermal mass where heat can be 
harvested and used to increase the temperature within the building when 
needed. 

Many studies exist which assess and prove the potential benefits of 
installing living envelopes on both existing and new buildings however most 
are in much warmer climate than the UK however with ever increasing 
summer temperatures due to global warming it can be assumed that the 
results could be relevant and used for future developments. 

The Green roofs; building energy savings and the potential for retrofit 
report, H.F. Castleton et al (2010) shows details of a an experiment carried 
out in Athens determined how a green roof could save energy in buildings 
with different degrees of existing insulation. The internal temperatures 
of two buildings in Athens were recorded, both with similar insulation 
properties but one with a green roof, for three days in July. Without a green 
roof the internal air temperature exceeded 30°C for 68% of the period, 
but with a green roof this was only for 15% of the period. Daily mean, max 
and min temperatures were found to be 2, 3 and 1 °C lower respectively.

Existing buildings in the UK are some of the most poorly insulated in 
Europe, there were no regulations for insulation in buildings until 1965 
when building regulations set a U-Value of 1.42W/m2K for roofs. Current 
regulations set the U-Value for new roof elements at 0.15W/m2K (The 
Building Regulations 2010, 2010). Based on results from the study above it 
can be assumed that the installation of green roofs can produce dramatic 
effects in insulating buildings making them a suitable system for improving 
the performance of both new and existing buildings.



Benefits of living envelopes - Heat island effect 

The application of living envelope technology is becoming increasingly more 
popular due to the benefits it can provide not only to biodiversity and user 
satisfaction but because of its properties it can help to reduce service costs 
while having a positive impact on the environment. 

The heat island effect is a phenomenon brought on by the introduction of 
the urban landscape (Heat Island Effect, 2009), as buildings constructed of 
hard and dry materials such as steel or concrete replace open natural land 
that is full of vegetation and moist the sun is able to warm the exposed 
surfaces and raise the local ambient temperature.
The heat island effect occurs both day and night but is more prominent 
at during the day when the sun is shining, on a hot, sunny summer day, the 
sun can heat dry, exposed urban surfaces, such as roofs and pavement, to 
temperatures 27–50°C hotter than the air whereas natural landscapes 
remain close to the air temperature. The overall effect of raised surface 
temperatures can see overall ambient temperature raised by up to 3°C 
which leads to more demand for mechanical cooling, elevated emissions of 
air pollutants and greenhouse gases and compromised human health and 
comfort. 

The living envelopes ability to maintain cool surface temperatures due to 
the plants natural qualities could help towards minimising heat island effect 
if it is used throughout cities however if the technology was taken away 
from buildings and used in streets or in on roads, for example the central 
reservation and outer edges of motorways and urban roads that approach 
city centres, it could be presumed that it could provide much needed shade 
to hard surfaces as well as clean air and increased biodiversity. Potentially 
there are many applications for living walls and roofs that could help tackle 
climate change and heat island effect.

Greening cities
Image by author

Green planting reducing heat island effect
Image by author - Information from: Heat Island Effect, 2009

Heat island effect raising temperature
Image by author - Information from: Heat Island Effect, 2009



Benefits of living envelopes – Stormwater management 

In 2007 Sheffield University launched an experiment (Stovin, V et al. 2011) 
to establish whether or not the living envelope, in this case a green roof 
was capable of retaining stormwater for a period of time to provide relief 
for local drainage infrastructure.  

Rainfall and runoff data from a UK green roof test bed was collected 
almost continuously over a 29-month period from 01/01/2007 to 
31/05/2009. When the data was collected the location’s long-term climatic 
averages were fairly typical although the data includes extreme events from 
2007, a period when the location suffered from serious flooding.
To focus the green roofs performance under rainfall events more likely to 
be of interest to drainage and stormwater specialists the return period 
analysis has been applied to storm events with rainfall levels in excess of 
5mm over a period greater than one year. 

According to the report by Stovin, V et al. 2011, these criteria, 22 significant 
events have been identified, of which 21 have reliable runoff records. 
Overall the roof provided 50.2% cumulative annual rainfall retention, with 
a total volumetric retention equivalent to 30% during the significant events. 
The annual performance figures are towards the lower end of a range of 
international data, most likely reflecting the fact that rainfall depths may be 
higher and evapotranspiration rates lower than in some more continental 
climatic settings. 

The roof’s finite retention depth means that the maximum possible 
retention percentage declines as storm depth increases, and retention 
varied from between 0 and 20 mm, or 0 to 100%. Although some 
attenuation and delay of peak runoff is generally observed (mean peak flow 
reduction of 60% for the 21 significant events), the irregularity of natural 
rainfall patterns, combined with the variable influence of detention storage 
in specific events, makes the identification of peak-to-peak lag times difficult 
and arguably meaningless. Regression analyses have been undertaken to 
explore the potential to predict the roof’s hydrological performance as a 
function of storm characteristics. However, these are shown to have poor 
predictive capability, even for the system from which they were derived. 

Through a detailed examination of data from three contrasting events, it 
is argued that the inter-event processes are too complex to be captured 
by this type of modelling approach. Instead, an understanding of the 
hydrological processes affecting the flux of moisture into and out of the 
substrate is required to explain the observed runoff response. Locally-
derived evapotranspiration rates and the roof’s observed maximum 
retention capacity are utilised to provide pragmatic guidance on the 
retention performance to be expected in response to selected design 
events.

The results of the experiment clearly show that the green roof is capable 
of providing stormwater retention but cannot produce a firm set of data 
due to the variation of climatic conditions depending on location of such 
a system. It does show a mean peak flow reduction of 60% for the 21 
significant events during the test period meaning living envelopes can be 
thought to provide some relief during storm periods with the amount of 
water retained varying due to the depths of substrate.

Another report by Ciria, Sustainable Drainage News (2008) suggests 
that Green roofs can reduce the annual volume of runoff by between 
50 and 85 per cent depending on their construction, storage capacity 
of the substrate and drainage layer, species of vegetation as well as 
factors such as climatic conditions and amount of rainfall.



Benefits of living envelopes - Improving air and water quality

A House of Commons Committee (GLA, 2010) recently heard that poor 
air quality could contribute to 50,000 premature deaths every year and 
research commissioned by the Greater London Autority suggests that 
4,267 premature deaths in London in 2008 were caused by air pollution.

An online report about the benefits of green roofs by the Department 
of Landscape, University of Sheffield (No date) suggests that the living 
envelope has the ability to significantly reduce pollutants in both air and 
water, it states:

“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. Ozone is classified as a 
pollutant and is the principal component of smog. During the heat wave of 
2006 the European Environment Agency reported that safe levels of ozone 
were surpassed often in many places throughout Europe, including the UK. 
Green roofs can improve local air quality through mitigating the urban heat 
island effect. Having a living roof can also help to remove airborne particles, 
heavy metals and volatile organic compounds from the local atmosphere. 
These contaminants are retained by the green roof itself and so their 
infiltration into the water system through surface runoff is reduced, 
improving local water quality. Kohler and Schmidt (1990) found that 60% of 
cadmium, copper and lead and approximately 16% of zinc can be removed 
from rainwater on passing through a green roof.

Another study reported a 37% reduction of sulfur dioxide and a 21% 
reduction in nitrous acid in the air above a green roof when compared to 
other air samples taken nearby (Yok Tan and Sia 2005). Other studies have 
estimated that green roofs can remove 0.2 kg of dust particles per year per 
square meter of vegetated roof (Peck, Kuhn et al. 2003). Doernach (1979) 
found that climbing plants can filter out dust, pollutants and even viruses.’’ 



Benefits of living envelopes - Biodiversity

As urban landscapes become more densely packed and expand into the 
countryside the opportunity for green spaces is greatly reduced. In turn 
this drives out insect and animals, creating an area devoid of natural 
diversity.

Due to the small footprint occupied the benefits of living walls for 
biodiversity are fantastic and through careful selection of plant species the 
garden can spark a chain reaction that ultimately results in an extremely 
diverse environment.
If climbing plants such as Hedera Helix (BUILDING GREENer, 2007) act 
as a transit route for habitat from ground level to the upper reaches of 
the vertical garden. Invertebrates such as insects and spiders find living 
walls a perfect habitat and the increasing population provides a sustainable 
source of food that will encourage bats and birds to roost in the branching 
structure.

Any evergreen planting provides a good habitat for hibernating insects 
and winter roosting birds as they can hide behind the dense coverage 
for shelter from the harsh winter elements. Equally, if the planting is early 
flowering it can encourage an early growth of for the population of moths 
and butterflies, a healthy occupation of this invertebrate can provide the 
perfect food source for birds and bats.

Green roofs 

Since the installation of early examples of green roofs in places such as 
Germany it has been recognised that they have the potential to benefit and 
help regenerate levels of biodiversity that are harmed by development. 
In recent years the focus of green roofs has changed from benefitting 
biodiversity to storm water management in the urban environment 
however the realisation that green roofs can help deliver targets set in 
place by both national and local biodiversity action plans. 

Constant development has seen a massive reduction in brown field sites in 
urban areas resulting in a massive reduction in natural habitat for valuable 
insects, birds and animals.

A report for English Nature (Grant et al - 2003) lists the contributions that 
green roofs can make to the conservation and enhancement of biodiversity. 
They include:

• Helping to remedy areas of deficiency, i.e. providing new habitat in 
 areas which are currently lacking in wildlife habitat
• Creating new links in an intermittent network of habitats, thereby 
 facilitating movement and dispersal of wildlife
• Providing additional habitat for rare, protected or otherwise 
 important species.

The green roof is an attempt to create an artificial ground level habitat on a 
higher plane, the plant species and features that are installed can determine 
the success of the regeneration and maintenance of insect and animal 
species. Research has found that naturalistic dry grassland is the most 
suitable for bees as it provides the best source for nectar throughout the 
year. Sedums provide a good source for nectar during flowering seasons 
however this is a limited time and reduces the value of the roof system.
Similarly if appropriate plant species are used to support of a specific 
insect or animal it can trigger a chain reaction encouraging birds and other 
wildlife to take up permanent residence.

Swiss research has resulted in a number of key design features (BUILDING 
GREENer, 2007) that should be considered when attempting to 
accommodate a wide range of invertebrates on a green roof, there are as 
follows:

• Use varying and appropriate substrate materials
• Use varied substrate depths 
• Provide varied vegetation types using local seed mixtures
• Use boulders and dry wood logs to provide habitat on the green  
 roof. 

If living envelopes were to be written into local councils biodiversity action 
plans and implemented in urban environments there is no question that 
the natural qualities coupled with well planned technology could result in a 
dramatic improvement in urban biodiversity.



Nanyang Technical University, Singapore 

Living Envelope Technology



Living envelope technology - Living walls

As the demand for more environmentally friendly and energy efficient 
buildings increases the technology used to incorporate living envelopes 
becomes more diverse depending on the criteria of the application. 

Living walls occupy the vertical surfaces of buildings, the technology 
involved in accommodating and maintaining plant life on a vertical plane 
differs depending on the aim of the living wall, plant species and visual 
requirements. Although there are many living wall systems essentially they 
can be broken down into three categories, these include:

1. Climbing Walls – Climbing species of plant supported on a lattice  
 or framework
2. Hanging Walls – Planters fixed to horizontal surfaces with plants  
 draped down walls
3. Living Walls – Plants supported on irrigation cloth or in modular  
 units with growing mediums inside.  



Climbing walls 

Walls with climbing plants are the most traditional of green wall, for many 
years residential buildings have been allowed to be covered by green ivy 
and climbing plants wither by growing directly on the face of a building, 
being supported by a framework of timber or metal fixed to the primary 
structure that allow plant life to grow vertically to cover the facade or 
horizontally on a pergola to provide solar shade. 

The framework that is attached to the structure is simply to create and 
anchor point for climbing plants, as the plant grows it uses the framework 
as a support on which to attach itself and grow to cover a designated area.

Primary Structure

Recessed Gutters

Steel Frame Support

Ground Level 
Planting

Climbing wall section
Image by author - Information from: Centro Direzionale Forum Section, 2006



Hanging walls

Hanging walls are often a solution to breaking up the straight edge of a 
parapet or softening a facade. 

To create a hanging wall is often more simple than a climbing wall as 
it requires no additional support because the plants do not come into 
contact with the wall. Planters are home to a range of plant species that 
are capable of draping over a parapet; the planters are anchored to the 
structure to prevent movement or displacement in high winds. Many 
species of climbing plants are capable of growing over a parapet and 
draping down a facade.

Primary Structure

Anchored 
Planter

Hanging Plants

Hanging wall
Image by author - Information from: BUILDING GREENer, 2007



The living wall

The living wall could be seen as the most naturally occurring form of 
vertical gardens. Flora has the capability no occur naturally in a range of 
vertical surfaces, cliff faces and small fissures in rock faces. It will often 
occur naturally on derelict buildings and make cracks in mortar lines or 
gutters the home for the root base.

This fact perhaps makes the style of wall extremely attractive to architects 
and designers; the vast range of temperate plants that can be used on 
a vertical surface makes the opportunity for decorative installations 
extremely attractive to architects and designers. As a result a large number 
of systems have been developed both for commercial and residential 
installation.

These systems work in various ways, one method of installation is to firstly 
protect the structural components with a waterproof membrane before 
attaching a steel or aluminium frame to support layers of insulation over 
which an irrigation system and cloth provide the anchor point for plant life. 

A company named Bio Tecture Ltd (Bio Tecture Ltd, 2010) created the ‘BIO 
WALL system is an attempt to simplify green walls to make them easier to 
fit, retrofit and to improve plant health by way of better irrigation systems 
and modular panels.
The modular panels are said reduce site time and make the system 
more adaptable to any kind of installation, Bio Tecture use a system of 
interlocking units filled with growing medium into which planting is applied 
and watered via an irrigation system that allows water to penetrate 
through the perforated units. 

Primary Structure

Waterproof Membrane

Galvanised Steel 
Tubing and Mesh 

Expanded PVC Panels

Irrigation Cloth

Planting

Cladding Rails

Waterproof Backing 
Board Irrigation Line

Bio-Panel
PlantingLiving walls

Image by author - Information from: The Vertical Garden, 2008 - Bio Tecture Ltd, 2010



Living envelope technology - Green roofs

The term ‘green roof’ covers all non vertical surfaces that support 
vegetation including balconies, terraces and roofs. It includes roof of varying 
uses, some that are designed to be used by the public or private owner and 
some that are deliberately inaccessible.
The distinction between a roof garden and green roof is clear, although 
they both belong to a roof that supports vegetation a roof garden is 
designed to be accessed, therefore falling under more stringent regulations 
compared to a green roof which is designed only to support plant life. 
A roof garden is heavier in construction as it is designed to take the weight 
of people and furniture; it often has a thick base layer of soil of around 
six inches to prevent damage to the primary structure. Green roofs are 
often easier to install as they are usually inaccessible and require only 
waterproofing membranes and a thin layer of soil to support vegetation. 

Green roofs are often placed into two categories, Extensive and Intensive. 
However the German FLL organisation, perhaps the leaders in green 
roof technology and regulations split green roofs into three categories to 
include simple intensive. The definitions of all (BUILDING GREENer, 2007) 
are as follows:

1. Intensive – With deep soil, irrigation requirements, high water 
retention and fertile conditions for plants.

2. Simple Intensive – Constructed using various substrate depths, thus 
combining elements of extensive and intensive roofs. 

3. Extensive – With thin soil, little or no irrigation requirements, low 
water retention and poor conditions for plants.



Intensive Green Roofs 

Intensive green roofs have a substrate depth usually a minimum of 150mm 
and maximum of 1500mm (BUILDING GREENer, 2007); this allows 
installation of vegetation including herbaceous plants, shrubs, grasses and 
occasionally trees. 

Intensive green roofs are comparable to natural open spaces or parks, 
usually accessible by the public or buildings users providing adequate access 
and safety measures are in place. The depth of the substrate, the plant and 
tree species an intensive roof accommodates and the amount of water 
retained within the system usually requires additional structural elements, 
this coupled with the complex irrigation system and the need for regular 
supply of fertiliser can mean that this roof type is expensive to construct 
and maintain. It does however offer the most natural appearance to a roof 
that can be used as a recreational space.

Vegetation Layer

Substrate (Growing Medium) 
150-1500mm

Geotextile Filter Layer
Drainage Layer

Root Membrane and Waterproof Layer
Insulation

Vapour Control Layer

Roof Structure

Intensive roof construction 
Image by author - Information from: Building Greener, 2007



Simple intensive green roofs

A simple intensive roof is much the same as an intensive roof but with 
a reduced substrate depth of around 150mm to 500mm (BUILDING 
GREENer, 2007) it is not capable of accommodating trees and usually 
comprises of herbaceous plants, shrubs and grasses.

Constructed of varying substrate depths the simple intensive roof 
combines elements from both Intensive and Extensive roofs but the 
potential for installing the system as an accessible amenity space is often 
limited. 
The roof type has advantages over an Intensive Roof due to the fact that 
the substrate depth is smaller and the roof does not support tree life. 
The loads imposed on the structure therefore are not as great and a less 
complex irrigation system is needed which reduced initial construction 
costs as well as long term maintenance and running costs.

Vegetation Layer

Substrate (Growing Medium) 
150-500mm

Geotextile Filter Layer
Drainage Layer

Root Membrane and Waterproof Layer
Insulation

Vapour Control Layer

Roof Structure

Simple intensive roof construction 
Image by author - Information from: Building Greener, 2007



Extensive green roofs 

Extensive green roofs are among the most popular of the roofing 
(BUILDING GREENer, 2007) systems due to the differences in installation 
and maintenance costs. 
With a substrate depth of as little as 20mm rising to around 200mm the 
roof system is capable of accommodating mosses, succulents, wild flowers 
and grasses that are able to survive in shallow, low nutrient substrate 
growing mediums. Typically in commercial construction in the UK Sedums 
are used, pre-grown blankets of sedum plants grown on farms and rolled 
out onto the roof surface. 

Due to the nature of the plant species and the thin substrate little extra 
structure or irrigation is needed and maintenance costs are reduced 
dramatically in comparison to other roof systems as they do not require 
mowing or any other long term intensive management. 
Sedums, which are low growing succulents, are favoured as they are 
drought and wind tolerant and they form dense covering of varying colours 
that are attractive to the eye.

Vegetation Layer
Substrate (Growing Medium) 

20-200mm

Geotextile Filter Layer
Drainage Layer

Root Membrane and Waterproof Layer
Insulation

Vapour Control Layer

Roof Structure

Extensive roof construction 
Image by author - Information from: Building Greener, 2007



Plans

Design and Maintenance



Standards and Regulations 

Currently there are no specific standards in the UK regarding the 
installation of living walls and Green Roofs however, the technology and 
construction methods involved does have to meet the requirements set 
out by building regulations and must have full planning consent before work 
can begin (BUILDING GREENer, 2007).

Part L of the Building Regulations (updated in 2006) (Ciria: Building 
Greener, No Date) aims to substantially increase the energy efficiency of 
new and existing buildings. Living roofs and walls can make a contribution 
towards increased insulation, especially where retrofitted on to older, 
lightweight, and poorly insulated buildings.

In absence of any UK regulations, most designers, architects and 
manufacturers use the most relevant document regarding standards for 
green walls is that produced by the German FLL organisation (BUILDING 
GREENer, 2007).Their Standard; Regulations for the Planning, Construction 
and Maintenance of Facade Greening with Climbing Plants, was first 
published in 1995 and updated in 2000. The document identifies the 
following potential benefits of green walls which can also be used as 
guidance for a green roof:

Aesthetic Benefits

• Visual improvement of the urban landscape
• Increased opportunity to see plants and animals
• Development of green areas in accordance with the aspirations of  
 the local planning authority
• Creation of locally distinct, identifiable areas through different 
 types of greening
• Part-compensation for the loss of green space through   
 development.



Design and maintenance considerations

As with all installations aimed to contribute towards improving the 
environment the benefits of a living wall and roof will be maximised if it is 
included in the design from the start. This allows the greatest amount of 
time to consider all factors such as structural considerations, technology, 
orientation, selection of plant species, maintenance and aesthetics that will 
make the installation a success.

Careful consideration of all elements of the systems is imperative, if the 
correct design features and maintenance plans are not fully resolved then 
the installation may fail. 

Physical and Climatic

• Reduction of the physical and chemical wear of walls and roofs by 
 reducing temperature extremes and UV damage
• Protection of the wall or roof from wind and driving rain
• Improved insulation against noise
• Improved thermal insulation
• Improved microclimate through regulating temperature extremes 
 (evaporation etc)
• Reduction of surface radiation reflection to surrounding area 
 (canyon radiative effect)
• Impacts on local air humidity
• Reduction of dust and particles (through sedimentation onto plant 
 surfaces) 
• Increase of pervious are to allow infiltration of rainwater
• Energy savings in terms of heating and cooling.

The document helps to identify key issues that should be considered during 
the design and specification stages of the green wall. 

Feasibility

• Taking the location and context of the development is a living 
 envelope feasible? 
• Will it survive and provide an adequate aesthetic and 
 environmental benefit?
• What type of system is needed or appropriate? E.g. a Climbing wall 
 or a wall with plants rooted inside of it, intensive or extensive roof 
 system?
• What are the maintenance implications?

Design 

• What is the best technological solution for the installation? e.g. use 
 of Bio-Wall planting boxes or a framework or system for climbing 
 plants
• Is a special texture or material required to allow plant roots to 
 gain a foothold?
• What plant species are best suited to the environment?
• How much land will be required at the base of a living wall to 
 provide sufficient root space or structural footprint 
 accommodation?
• What are the irrigation and maintenance requirements?

Operational 

• What are the maintenance requirements? Pruning, weeding, 
 irrigation etc. 
• How will you ensure the structural integrity of and framework?

All of the above points cannot be set in regulations easily as the answers 
to the questions asked are site specific. During the design stages it is 
imperative to the success of the living wall or green roof that the correct 
specialist knowledge found and contributes to the design.



Centro Direzionale Forum - 2008

Examples of Living Envelopes



Examples of living envelopes 

Climbing walls 

In recent years architects such as Mario Cucinella have integrated climbing 
plants into their building both for aesthetic and environmental reasons.

On a small plot previously owned by Ducati Mario Cucinella were 
commissioned to design a new office building, Centro Direzionale Forum, 
Rimini.

The building has two wings (Vertical gardens, 2008) arranged in an ‘L’ shape 
with a clean fracture that breaks the continuity of the curved facades, 
set back from the main facade are walkways on each floor. This created 
the effect of a fissure and presented the best opportunity to create an 
entrance.

The architect decided that a green wall was suited to the south facing 
facades as it would create a skin to the building, providing solar shading but 
still allow light and fresh air to permeate leaving the balconies a useable 
outdoor space.

To achieve the aim the architect designed a twenty four inch diagonal 
steel grid standing away from the main structure which would provide the 
framework climbing plants that would eventually cover the entire facade. 
Roots of Rhynchospermum Jasminoides, a climbing evergreen with fragrant 
white blooms in May and June accompanied by White Wisteria and Shrub 
Roses find their home in the shape of recessed gutters running along the 
length of each balcony.

The building, completed in 2007, has yet to be covered entirely, however 
through careful planning and design the climbing plants continue to grow, 
photographic evidence shows the building in 2006 before completion with 
some vegetation and in 2008 with a more densely covered facade.  This 
suggests that through proper maintenance the plants are surviving and 
should in theory grow to cover the entire facade. 

Centro Direzionale Forum - 2006



Examples of living envelopes 

Living Walls 

A successful example of a living wall is the Quai Branley Museum, Paris, 
Completed in 2006. Jean Nouvel, the French architect, commissioned 
Patrick black to create a vertical garden to surround the large window 
frames and soften the harsh curves of the original design.

The facade measures 800m2 (The Vertical Garden, 2008) and faces North 
West towards the River Seine. As the facade is almost always in shade it 
was crucial that Blanc selected a range of plants that would survive, even 
flourish in the ambient northerly light. 
To achieve success a range of species from the world’s main temperate 
zones, mostly the northern hemisphere were selected. Among the plants 
are Elatostema Umbellatum, Pilea Petiolaris and Lxeris Stolonifera which 
taken from Korea and Japan.  

The building obtained the HQE (Haute Qualité Environmentale) 
certification (Green Wall Systems, No date) for high environmental quality, 
purifying the air and reducing ambient temperatures, improving thermal 
insulation, higher acoustical control, providing habitat for insects and small 
animals, and increase public awareness of living envelopes. 

Photographic evidence suggests that the green wall is surviving well, 
although the system was only put in place to provide an aesthetic 
improvement its success proves that using a system of framework to 
support irrigation cloth that supports plant life is an effective way of 
achieving a green wall. 

Quai Branly Museum, Paris -2006



Quai Branly Museum, Paris - 2008 



Examples of living envelopes 

There are some poor examples of living walls, particularly the garden 
installed at Paradise Park Children’s Centre, Islington.
This vertical garden was the first to be installed in Britain. Installed in 
2006 the entire front facade is a vertical garden comprising of a range 
of herbaceous plants including Heuchara, Valerian, Euphorbia, Ajuga and 
Geranium (Design for Biodiversity, No Date). 

At the time of installation the vertical garden was seen as cutting edge 
design in the UK, assisted by other environmentally friendly features such 
as rubble roofs and rainwater reclamation systems the building won the 
British Construction Industry ‘Local Authority Award 2007’ (Allenbuild, No 
Date).

Unfortunately since installation the vertical garden has decayed, the 
Children’s Centre uses a similar system to the Quai Branley Museum 
but due to poor plant selection and a badly designed irrigation system 
the planting has been unable to survive. The Children’s centre is now in a 
terrible state and would require an entirely new living wall system in order 
to reinstate the installation.

Paradise Park Children’s Centre, London 



Paradise Park Children’s Centre, London - 2009 



Allen and Overy LLP HQ 



Examples of simple intensive green roofs

Completed in 2005 the roof of the law firm Allen and Overy LLP HQ in 
bishops square is an example of a simple intensive green roof. Its 5400m² 
green roof is split into a series of terraces, four in total with a fifth 
dedicated to photovoltaic panels, on different levels overlooking the plaza 
below. Their driver for the green roof installation was that they wanted 
to improve the levels of biodiversity in the local urban environment while 
creating an outdoor garden type of area for staff to have their lunch, hold 
meetings and use for client events.

To service the simple intensive roof water storage and drainage boards 
were installed underneath the substrate, it is manufactured from recycled 
polyethylene (Green Roofs - 2010) and enables substrate aeration as well 
as allowing stored water to evaporate, with any excess draining away 
through multidirectional channels on the underside. This coupled with 
varying depths of substrate is suitable to support many plant species, some 
of which are sedum, cranberry bog, grasses, heather and lavender. The roof 
also plays host to paved walkways, seating and rock gardens.

The overall performance of the green roof itself unfortunately is not well 
recorded and documented. According to a case study carried out by Linda 
Velazquez, Allen & Overy LLP HQ, Bishops Square – 2011, the main roof 
has about 580m2 photovoltaic cells generating around 50,000kWh per year 
meaning the solar array saves 23 tonnes of carbon dioxide. 
Although this highlights the results of installing a solar array there is 
no documentation to suggest that the effect the green roof has had on 
biodiversity has been monitored or documented meaning the success of 
the green roof itself is unknown.  

Allen and Overy LLP HQ Roof Garden



Norfolk Park Primary School 



Examples of extensive green roofs 

Norfolk Community Primary Schools extensive green roof was included in 
the design to deal with sewerage and rainwater overflow problems in the 
local catchment, the plan was to minimise the amount of rainwater runoff 
as part of a holistic water management strategy. 

A 1684m² green roof was chosen for its water holding capacity (Building 
Greener, 2007) as an innovative form of sustainable drainage design, its 
purpose is to reduce pressure on the already overloaded drainage system 
by holding excess water runoff from the roof the water is then 
harvested and used to service the schools toilets.

The metal roof structure benefits from the green roof system it supports 
as the thin Intensive roof and 30mm layers of sedum help to reduce 
intrusive noise from rainwater and hail, a common problem in steel 
roof construction. The green roof also adds to the buildings thermal 
performance by providing a thin evaporative cooling layer that protects the 
internal space from unwanted solar gain. 

The roofs design was influenced be a number of factors including cost, Due 
to the shallow pitch of only 10 degrees no water retention or drainage 
layer is needed to support the sedum, this proves to provide the best 
compromise between cost and performance. 
The roof slope is predominantly North West facing to avoid the worst of 
the suns radiation and is spread over several different levels to provide 
shaded habitat to local wildlife. As the inclusion was purely the solution 
to a problem and not designed to be an example of the schools efforts to 
be sustainable the only part of the roof which is visible from ground level 
is over the main entrance, the section is west facing and shaded from the 
worst of the sun providing the best chances of success.

The system is still in place however aside from water harvested from 
the roof for use in the toilet facilities there appears to be no evidence of 
continuous monitoring of the effectiveness of the roof making it almost 
impossible to evaluate the success of the system. 

Norfolk Park Primary School 



Case Study - Newcastle upon Tyne



Newcastle upon Tyne  

There is evidence to suggest that the living envelope is able to provide 
solutions to a number of problems and contribute to the improvement of 
the environment by helping to insulate buildings, retain excess storm water, 
filter polluted air, provide habitat and improve local biodiversity while 
providing an interesting aesthetic quality that injects nature and greenery 
into the often hard edged cityscape. 

To further investigate the potential of living envelopes the city of Newcastle 
upon Tyne has been used as a case study. As a response to EU and national 
targets Newcastle City Council have produced a number of documents, 
The Citywide Climate Change Strategy & Action Plan 2010 – 2020 and 
Biodiversity Action Plans to assess current condition and devise strategies 
for improving both the environment and biodiversity.

The study will investigate the local policies and initiatives to highlight any 
recognition of living envelope technology as a viable solution to improving 
building performance, it will also study examples of buildings in Newcastle 
upon Tyne to asses in theory what a living envelope could do to improve 
them.

Newcastle upon Tyne

Site Location Plan 
Image by author 



Local policies and initiatives  

Citywide Climate Change Strategy & Action Plan 2010 – 2020

Newcastle has been acclaimed the most sustainable city in the UK, it has 
a carbon footprint is approximately 1.9 million tonnes of CO2 per year 
as measured in 2005 by the national indicator NI186 (Citywide Climate 
Change Strategy) 42% of emissions come from industry and commercial 
and 33% from residential buildings however it must continue to improve its 
performance in order to meet targets. 

In England and Wales the Climate Change Act adopts an 80% reduction 
in carbon emissions by 2050 from a 1990 baseline; this includes a 34% 
reduction by 2020. The Citywide Climate Change Strategy & Action Plan 
shows targets to reduce residential gas and electricity use by 10% by 2020; 
more importantly in non residential buildings the council have set targets of 
a reduction of 20% for gas consumption and 10% for electricity. 
Although the majority of consumption of electricity in non residential 
buildings comes from lighting, computers and office machinery a large 
percentage of both gas and electricity is consumed through heating and 
ventilation. Some modern building employ environmentally friendly features 
such as natural ventilation or help to keep a building cool through solar 
shading but in most old buildings a combination of poor insulation and 
outdated services cause the building to overheat in summer and become 
too cold in winter.

The sustainable energy action plan outlines a carbon reduction scenario 
with interventions across 29 potential measures that have been calculated 
to deliver the overall targets for carbon reductions in the city.

These include interventions such as the installation of photovoltaic solar 
panels on buildings, the council have set a target of 50 residential homes 
by 2020 and 3000 by 2050 with no targets for photovoltaic solar panels to 
be installed on non-domestic/commercial buildings. Other interventions or 
ways to improve performance are based on cavity wall and loft insulation in 
homes, 17000 and 26000 homes by 2020 respectively.

Throughout the Citywide Climate Change Strategy & Action Plan there is 
no indication or consideration given to the living envelope although the 
potential to protect the building and improve thermal performance by way 
of thermal mass or integrating insulation in the systems is great. 



Local policies and initiatives  

Biodiversity Action Plan

The plan forms part of a series of biodiversity action plans across the 
country (Biodiversity Action Plan - Newcastle Council - No Date), which 
aims to contribute to the national biodiversity action plan. It covers wildlife 
that is important at the national, regional and local level. 
The Newcastle City Council Biodiversity Action Plan follows both national 
and EU targets, it recognises that man-made structures can provide 
important habitat for wildlife therefore they have an ability to contribute to 
the cities levels of biodiversity. 

Evidence suggests that many old buildings provide essential roosting sites 
for birds such as Pigeons, Starlings and Kittiwake. It reports that although 
the city has a diverse range of buildings to provide habitat the reduction in 
outer city and green belt buildings through demolition or conversion has 
caused a reduction in natural biodiversity. 
Starlings roost in the city at night. Over the last 20 years a catastrophic 
decline in the city population has occurred. Current estimates indicate 
a very low breeding population and around 1000 birds roosting during 
winter. Many songbirds and even  bats use ivy growing on buildings for 
nesting and roosting, if climbing plants are used on living envelopes along 
with a combination of systems that provide habitat for small invertebrates 
there may be an increase breading trends for birds and bats as well as 
increasing insect population.

The Council have set a number of objectives and targets (Biodiversity 
Action Plan - Newcastle Council - No Date):

• Improve local knowledge of species using man-made structures as 
 a habitat throughout the City.
• Collate records annually.
• Ensure that control programmes do not impact on desirable 
 species.
• Establish a mechanism for project management to liaise with city 
 ecologist
• Ensure that development proposals do not impact on species using 
 a building, and in new development opportunities for habitat 
 creation are taken.
• All developers to be advised of this action plan
• Incorporate better protection for species using this habitat in the  
 UDP
• Create new habitat niches where possible
• Audit all blocks of flats for use by, and suitability for, birds of prey
• Install nest boxes on 50% of suitable buildings by 2006 and on 
 100% by 2010.

There is no evidence of the intention to incorporate living envelopes or to 
retrofit them to existing buildings in the Biodiversity Action Plan but based 
on evidence suggests their insulative qualities along with their ability to 
provide habitat and a possible solution or contributor to the improvement 
of local biodiversity mean it would be feasible to introduce a living 
envelope scheme to help reach targets set out for 2050.



Newcastle upon Tyne  - Examples and possibilities

Newcastle upon Tyne’s recognition as the most sustainable city in the UK 
could provide an opportunity to use the city as a benchmark for living 
envelope technology in order to improve its reputation and prove through 
wide scale application that living wall technology can contribute the 
environment as well as EU, national and local targets for carbon emission 
reduction and improvement of biodiversity. 

The most recent development to include living envelopes in Newcastle 
City Centre is Newcastle Science Central on former site of the Newcastle 
Brewery the largest city centre development in over a decade (Newcastle 
Science City - Date), the development will be delivered in a number of key 
phases over a period of 15-20 years.

The scheme is a collaboration of One North East, Newcastle City 
Council and Newcastle University that aims to provide residential homes, 
office space, retail and commercial units as well as educational facilities 
while providing sustainable outcomes for climate change and energy 
consumption, becoming an example of a zero carbon future.

International engineers ARUP have been in close consultation with the 
clients to devise a strategy for sustainable design, some of the design 
features include passive ventilation systems, natural light as well as living 
envelopes. The living envelopes are a feature designed to improve local 
environmental quality by producing sustainable management of surface 
water with no flood risk, accessible and quality green spaces, improved 
biodiversity and connectivity of natural habitats, improved land and soil 
quality, good microclimate, air quality and low noise environment as well as 
community appreciation and involvement (Mace, A - 2011). The masterplan 
features green roofs and walls on many buildings, this couple with strategic 
planting to link the installations help to deliver what will potrntially be the 
greenest part of the city. 

Science Central Site Masterplan, Newcastle upon Tyne 

Science Central Site, Newcastle upon Tyne



Science Central Site Artists Impression



Case study – Newcastle Civic Centre

Newcastle Civic Centre completed in 1968 will be used in this study to 
theoretically assess the potential benefits of applying a living envelope to 
one or many surfaces because of its characteristics. It is an old building that 
may not have up to date insulation, the majority of the buildings windows 
are single glazed, and the buildings orientation may make it prone to high 
demand on mechanical surfaces and finally its status, as a civic building it 
could potentially provide a public example of forward thinking. 

Site Location Plan 



Case study – Newcastle Civic Centre

Orientation 

Due to the orientation of the building, predominantly East to West, it is 
likely that on sunny days some of the building will suffer from large amount 
of exposure to the sun whereas other facades will be in shade for the 
majority of the day. 

Orientation and sunpath
Image by author

Roof surfaces likely to overheat 
Image by author

Wall surfaces likely to overheat 
Image by author



Case study – Newcastle Civic Centre

Section through Newcastle Civic Centre 
Image by author

Building performance

Many buildings with an East to West orientation suffer from large variations 
in internal temperature due to the way the sun impacts facades and roof 
surfaces throughout the day. 
The largest elevations of the building face South and North, the south faces 
and roof are constantly bathed in sun, it is likely that the Civic Centre’s 
insulation does not meet current regulations due to its age, a combination 
of solar radiation and poor insulation could result in overheating in some 
areas of the building. 

Similarly the North facing elevations are almost constantly in shade, again 
poor insulation and lack of sun could cause areas of the building to become 
cold.

The effect that the sun has on different faces of a building creates a 
higher demand on mechanical services in order to maintain a constant 
temperature throughout; the diagram below illustrates the effects of solar 
radiation on buildings such as Newcastle Civic Centre. 

The sun raising surface temperatures

South facing rooms overheating

Mechanical cooling

North facing rooms too cold

Mechanical heating

Service voids overheating due to poor insulation 



Case study – Newcastle Civic Centre

Section through Newcastle Civic Centre 
Image by author

Effects of living envelopes 

Evidence suggests that the application of a living envelope could provide 
better thermal performance as well as softening the appearance of a 
building and providing habitat for wildlife. 
Living envelope systems can include a layer of insulation within them but 
through thermal mass and evaporative cooling the building can be further 
protected from overheating and uncomfortably low temperatures. 

The diagram below illustrates the potential improvements brought on by 
living envelopes. 

Added protection from the sun and
thermal mass provided by the living 

envelope

Improved internal temperatureImproved internal temperature

Less demand on 
mechanical heating

Living envelope providing added 
insulationto retain or reflect heat

Less demand on 
mechanical cooling

Improved biodiversity

Stormwater retention 
and water harvesting

Solar shade 
over windows



Concept image  
Image by author 

Case study – Newcastle Civic Centre

Summary 

Potentially Newcastle Civic Centre is a building that performs poorly in 
comparison to modern buildings due to its age, single glazed windows, poor 
insulation and orientation. 

Evidence suggests that living envelopes have the potential to improve 
performance in a number of areas if retrofitted to an existing building. 
The Civic Centre is a typical example of a building that could benefit from 
a living envelope and given its status it could serve as a benchmark and 
example of forward thinking from which the rest of the city can follow. 



Conclusion
Jubilee Park From Above , Canary Wharf



Conclusion 

The purpose of this paper was to answer a question based on the living 
envelope and its ability to have a significant impact on the performance of 
a building whether it be included in the original design or retrofitted at a 
later stage. 

Evidence from experiments carried out in Toronto, Canada and Athens, 
Greece would suggest that both green walls and roofs have the potential 
to affect thermal performance. When a living envelope was applied to the 
surface of various buildings noticeable differences in surface temperatures 
were recorded, it was found that the living envelope provided protection 
from the sun during the day and released heat stored through thermal 
mass throughout the night.
The overall effects meant the living envelope helps to maintain more 
constant internal temperatures keeping them at a comfortable level which 
in turn reduces the need for mechanical heating and cooling. 

Through investigation many examples from around the world revealed 
that many different living envelope systems exist that can be adapted to 
suite the majority of scenarios. It appears however that many designers 
and architects rely upon previous experiments and existing evidence to 
justify the incorporation of a living envelope in a building’s design and do 
not encourage the ongoing monitoring of the envelopes success whether it 
is in relation to thermal performance, storm water retention or improving 
biodiversity. 

Using information from existing examples of living envelopes and the 
results of tests proving that living envelopes have an effect of thermal 
performance a theoretical case study was carried out on Newcastle upon 
Tyne’s Civic Centre, a building that could be prone to overheating due to a 
number of factors such as poor insulation and orientation. 
The arrangement of the building and the structural techniques used meant 
that different spaces may become too cold while others are too warm 
simultaneously meaning the building relies heavily on mechanical systems to 
maintain a constant temperature. It is believed, due to known properties, 
that the building would have better thermal performance, the new planting 
would improve air quality and provide new habitat should one be fitted.

Evidence suggests that living envelopes have the potential to have a great 
positive impact on a number of issues such as thermal performance, Co2 
emissions and air quality, storm water drainage and biodiversity in one 
system as opposed to relying on a myriad of systems to deal with each 
issue independently although through lack of ongoing monitoring and 
research it is difficult to provide evidence of the long term benefits of the 
living envelope. That said should sufficient maintenance procedures be 
adhered to it is feasible to suggest that the proven properties would not 
deteriorate and would result in a building that performs better than one 
without a living envelope.
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