
Green Building  Envelope



"Cities need green sizes  
S, M, L and XL otherwise the human  

ecosystem is incomplete."
Gil Peñalosa quoted in "Happy City" 

by Charles Montgomery (2013)
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Foreword

Tristram Carfrae 
Deputy Chairman Arup

Urbanisation is accelerating around the 
world and will continue until 7 bn people 
live in cities by the end of the century. Can 
these cities be improved by increasing their 
vegetation content, particularly in building 
façades? Can we use these green façades to 
reduce energy consumption and improve air 
quality and people’s well-being?

These are complex questions that demand 
a multi-disciplinary approach to reach a 
reasonable view. Experts from eight skill 
networks around the world came together 

We want to shape a better built environment; one that is  
better for its inhabitants while also being sustainable and  
affordable. 

in Berlin in 2015 to cross-examine these 
questions using research already carried out. 
Working from the basic premise outlined in 
the “Cities Alive” document, we considered 
whether green façades can have a special 
role to play in improving our cities for their 
inhabitants. This document gives you some 
insight into our conclusions.
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Rudi Scheuermann

Introduction
Green Building Envelopes

City green has a serious  

influence on the micro-climate  

in our built environment and  

the sustainability of building  

operation.

Existing situation in Manchester

Optional regreening of the city

In ever denser cities the space for “green 
infrastructure” such as parks, green recre-
ational spots and trees in street canyons is 
being depleted. What is often considered 
and belittled as “green architectural decora-
tion” is however an important element in 
our built environment which must not be 
underestimated. Besides the many health 
and well-being aspects resulting in signifi-
cant stress relief for human beings, there 
are a number of effects which have serious 
influence on the micro-climate in our built 
environment and the sustainability of build-
ing operation. 

The reduction of urban up-heating (heat is-
land effects), and the filtering of fine dust in 
the streets where people move about are just 
two of the most important aspects. Reduced 
noise levels can also be an additional benefit 
if green infrastructure is applied in the right 
way. 

The idea of “Cities Alive: Green Envelope” 
is to investigate and pursue the initiative 
of “Cities Alive: Rethinking Green Infra-
structure”, started by Tom Armour, to offer 
additional areas in the form of building 

envelopes and provide the dense inner city 
with surfaces for effective and applied green 
infrastructure. 

These roof and façade areas aim to improve 
the environment by replacing a significant 
amount of the ground on which cities have 
been built in dense urban agglomerations. If 
we imagine that we could replace 30% of 

Foreword & IntroductionForeword & Introduction
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the total sealed areas of cities by offering 
about 20 - 25% of the buildings and making 
use of about 20 - 25% of each building en-
velope, i.e. façade and roof areas, we could 
achieve significant benefits to improve the 
micro-climate in cities. 

Indeed, if we consider that plants grow on 
substrate which also contributes to dampen-
ing the inner city traffic noise, we are cre- 
ating an environment of cooler and cleaner 
air with less noise, from which people 
benefit in cities, but also within buildings, 
as improved conditions allow for extended 

periods of natural ventilation, thus re-
ducing the amounts of energy required for 
cooling all year round; and giving build-
ing occupants more freedom to control 
their individual environment by means of 
healthier and more beneficial natural venti-
lation. Furthermore, green envelopes can be 
applied to both existing and new buildings, 
and therefore the overall improvements to 
the micro-climate of cities can be much re-
inforced, as the majority of the built fabric 
consists of existing buildings of consider-
able age. Activating them to contribute 
to improved and more sustainable perfor-

mance is an important aspect in the design 
of existing cities. Additional benefits such 
as better stormwater management avoiding 
flood risks, improved biodiversity, signifi-
cant absorption of CO2 etc. will follow. 

But the real focus for us at Arup is on 
improving and providing healthier, more 
pleasant living conditions for a better and 
more comfortable existence for human be-
ings in cities. And we feel that making the 
benefits measurable is an important aspect 
of bringing individually considered effects 
together, being able to quantify rather than 

just qualify benefits as a whole. The out-
come allows a clearer cost-benefit analysis 
to put cities and their building authorities, 
and also developers and investors, in a posi-
tion where they understand that investment 
in green infrastructure – as an important 
element of the built city environment – is no 
longer just “architectural decoration”, but 
an essential, urgently needed element to im-
prove the sustainable operation of buildings 
with lower energy consumption, and much 
improved and significantly healthier living 
conditions for cities’ inhabitants.
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Key 
Findings
Acoustics
Air Pollution
Urban Heat
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Key Findings This global Arup research study aims to 
provide insights into the impact of green 
building envelopes on our urban ecosystem. 
This system is subject to drastic changes 
regarding available space, mobility, food, 
water and the general way people live in 
cities. 

More than fifteen Arup specialists around 
the globe aimed to quantify the frequently 
discussed benefits of green building enve-
lopes regarding their potential to mitigate 
urban noise, air pollution and heat. Five 
global cities – Berlin, Hong Kong,  
Melbourne, London and Los Angeles – 
have been evaluated. Unsurprisingly, both 
the morphology and the geographical and 
climatic context have a significant impact 
on noise, pollution and heat. Working with 
a variety of digital tools, our teams were 

however able to prove the positive contribu-
tion made by green envelopes to our urban 
ecosystems, leading to the following conclu-
sions.

Air pollution
Green façades can result in local reductions 
in concentrations of particulate matter, typi-
cally between 10 and 20%. However, the 
level of reduction is highly dependent on the 
configuration of the buildings and street in 
terms of the ratio of the height of the build-
ings to the width of the street. The reduc-
tions are localised within the street canyon, 
and overall reductions on the air mass in the 
city as a whole will be much lower.  
However, green envelopes do provide an  
opportunity to improve air quality in  
selected areas. 

Five global cities have been in the 

focus of this global research study 

which proved positive effects of 

green building envelopes on  

urban ecosystems. 

Martin
Pauli

Key FindingsKey Findings
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Acoustics
Green façades can reduce sound levels from 
emergent and traffic noise sources by up 
to 10 dB(A). They do not significantly im-
prove noise level reduction close to a noise 
source, but show greater improvements 
with increasing distance from the source 
up to the point where ambient noise begins 
to dominate. Green façades are unlikely to 
have a noticeable acoustical impact when 
a neighbourhood’s sound environment is 
dominated by distributed sound sources. 
In general they are likely to have a greater 
acoustical impact during the night, when 
ambient noise levels are lower and the 
soundscape is dominated by emergent  
sound sources. 

Urban heat
For the Urban Heat Island (UHI) effect, it 
was found that there is a variety of city-
associated parameters like the grid, solar 
radiation, canyon height-to-width ratio, 
thermal mass and the percentage of green 
space that influence the effect independent 
of green envelopes. Green façades are most 
effective in reducing UHI in cities with a 
height-to-width (H/W) ratio greater than 
2 – very dense urban city centres like Hong 

Kong or Melbourne fall into this category – 
peak temperature reductions of up to 10°C 
having been modelled. Green cities like 
Berlin experience limited benefit compared 
to denser cities with more concrete surfaces. 
Cities with wide streets and low-rise build-
ings like Los Angeles benefit more from 
greenery at street level, whereas at build-
ing level, green envelopes have the biggest 
impact on cities with a height-to-width 
ratio of less than 1 and a sunnier climate – a 
reduction of 8% was predicted for a low-rise 
building in LA, whereas denser European or 
Asian cities only saw reductions of 2 - 3%.

Based on the results of this research study, 
our aim was to develop the individual 
modelling methodologies further and refine 
them in order to quantify potential effects 
for more cities. Moreover, applying the 
approach to more urban typologies such 
as squares, courtyards and districts would 
enhance seamless integration into future 
planning processes on both an urban and a 
building scale. This enables us as planners, 
designers and engineers to contribute posi-
tively to more liveable future ecosystems 
and cities.

Key Findings


