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Abstract
There is a growing pressure in urban spaces to provide more
greenery, and today architects and planners should realize the
importance of integrating green spaces into the interior and
exterior of the built environment. Also, with growing concerns
of climate change, vegetated walls are increasingly in demand
even though there is still limited evidence available to justify
the need for vegetated facades in temperate climates such
as in the UK climate conditions. Therefore, wall greening is
yet to establish its role in the urban environment with clear
environmental beneﬁts. Architects, engineers and other design
professionals are looking for an assurance that the materials
and the products that they use for construction and design of
such systems are the most environmentally friendly considering
their life cycle. This study presents the life cycle analysis of ﬁve
diﬀerent types of green wall systems in the UK, investigating
the environmental impacts and beneﬁts associated with
manufacturing, constructing, operating, maintaining and
demolition. A comparison study along with suggestions are
also provided for these greening systems to improve their
sustainability during the life span to assist the professionals
involved in design, construction and management of the built
environment.
The results have shown that out of the ﬁve systems through
the ﬁve stages of the life cycle analysis, the climber systems
are favoured for their lower environmental impact and
maintenance, and reusability. The hydroponic and the climber
systems are favoured for the operational stage because of
the carbon reductions. Moreover, steps for improvements

have been discussed and further recommendations have been
provided in the paper to assist professionals constantly looking
for innovative ways to tackle climate change and its impact on
the built environment.
Keywords: life cycle analysis, green wall systems, living walls,
vegetated facades, temperate climate
1. Introduction
The world’s population continues to grow in a rapid manner
and there is growing pressure in urban spaces to provide more
greenery which is another reason why there has been growing
interest for architects and planners about the importance of
integrating green spaces into the interior and exterior spaces
of the built environment. Vertical greenery has now evolved
as a constructive and architectural element in buildings and
vegetation is an additive element that is increasingly used
on the facades of many buildings. With growing concerns of
climate change, vegetated walls have been of increasing
demand even though there is still limited evidence available at
present to justify the need for a vegetated facade in temperate
climates such as the UK’s besides their visual appearances [11,
33]. Therefore, wall greening is yet to establish its role in the
urban environment.
Architects, contractors, building owners, engineers and
environmentalist are looking for assurance that the materials
and products that they use for construction and design of such
systems are the most environmentally friendly and helps to
reduce the environmental impacts, i.e. considering their life
cycle from ‘cradle to grave’ respectively.
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Across Europe, North America, Japan and other parts of the
world, the potential for green roofs and walls to improve the
quality of urban environments has been widely recognised. One
of the major catalysts for a shiﬅ in thinking towards green roofs/
walls has been the global attention on the issue of climate
change and environmental sustainability. The importance of
green roofs and walls are now increasingly recognised in the
UK, including through the planning policy. The recent policy of
the city of London requires major developments to incorporate
‘living roofs’ wherever feasible, which is a major step [13, 17].
The environmental issues caused by the construction industry
produces the highest environmental impact in developed
countries, and therefore the UK government is committed to
reducing the country’s carbon dioxide (CO2) emissions 80% by
2050 from the 1990’s baseline [10].
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There are many characteristics of green facades that inﬂuences
for both insulation and cooling beneﬁts. The main aspects
include the thickness of the foliage, the water content, air
cavity between diﬀerent layers and the material properties.
The stagnant air layer between the facade and the green wall
systems acts as insulation and therefore can be used as an extra
insulation for the building [27, 32]. The heated air can be cooled
by green facades due to the process of evapotranspiration.
During the winter the heated radiation given by the exterior
walls can be insulated by the evergreen vegetation on the
facade. The dense foliage of the green facade can reduce the
air ﬂow around the building facade preventing from cooling the
building using active services such as air conditioning [32].
This study investigates the life cycle analysis of ﬁve diﬀerent
types of green walls, i.e. most common green wall systems
in the UK, in order to evaluate the environmental impact
and beneﬁts associated with manufacturing, constructing,
operating, maintaining and demolition of the systems. A
comparison study along with suggestions has also been
provided for these green wall systems to potentially improve
their environmental sustainability during the life span for the
purpose that professionals involved in design, construction
and management of the built environment can realise the
importance of environmental potential and life cycle of such
systems when applied in buildings. The ﬁve diﬀerent green wall
system used are as follow:
•

The Hedera screen is also a green screen climber system
that uses galvanised steel framework that can be placed
on the brick façade or independent fencing system and can
include support systems such as wood, GRP or powder
coated plant troughs. Plants such as Ivy, Hornbeam and
Beech can be planted or pre grown.

•

The Biotecture living wall is a type of modular hydroponic
system that uses plants, which are pre grown on a vertical
surface. The standard size of the panel is 600mm x 450mm

which is suitable for the cladding rails ﬁxing and centres.
There is a cavity or air gap between the back of the panels
and the building structure, which is typically about 50-200
mm and does not allow the penetration of rain water. This
air cavity can also be integrated with insulation boards.
The Biotecture green wall system uses Rockwool instead
of capillary felt as they are vulnerable in case there is
no water supply, and therefore uses eight times more
water. There are also issues of tearing of the fabric with
the weight gained. This system uses ‘GRODAN’ Rockwool
which is a horticulture mineral ﬁber from basalt rock and
has zero cation, which prevents salinity and has high
moisture retention [5]. The Biotecture living wall consists
of cladding rails, drainage layer, waterproof backing board,
irrigation pipe line, Bio panel containing growing vegetation
and a plant room for pumping water.
•

The ANS system is a modular system that uses an
automated irrigation system with the correct amount of
water. The ANS living wall system is made from 100%
recycled material and can be built to any size required
according to the client, and is brought to the site fully
planted and therefore reduces on-site time [3].

•

The Treebox is a modular system that uses vertically
planted troughs and is attached to solid back panels. These
panels provide the necessary rigidity, waterprooﬁng and can
be used as a cladding material instead of traditional wall
claddings. The size of the panels is in 1.0m x 1.0m or 0.5m
x 1.0m.The planting is done in-situ aﬅer the installation
of the panels. Large installations require irrigation system
and the irrigation system can be automated. Planting of
the Treebox is carried out on-site and can take 20% more
time to install than other pre grown systems [31].

•

The Jakob system is basically a climber system that uses
stainless steel mesh for the plants to grow onto the mesh.
The Jakob system uses ‘316 Stainless Steel’, which is
durable even during the harshest weather including coastal
applications. These steel meshes are light weight and can
easily be erected onsite. The soil required for the plants to
grow is located on the ground level of the building.

2. Methodology
This study aimed to establish life cycle analyses of multiple
green wall systems in the UK by utilising a recently completed
research project; ‘Green Wall Systems’ hosted at the University
of Sheﬃeld in conjunction by industry leading landscape
and building contractor Scotscape Limited. A testbed was
developed and designed on an existing façade of one of the
university campus buildings (Figure 1). The research focused
on ﬁve most common green wall systems in the UK, which are
the Hedera Screen, the Biotecture Living Wall, the ANS Living
Wall System, the Treebox System, and the Jakob System [1].
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life cycle analysis has been explained in more detail and also
further discussed.
3.1. Manufacturing Stage
The manufacturing stage is limited to analysing the materials
which are used for making each of the system and are checked
for their embodied energy and embodied carbon. This helped to
understand the embodied energy contribution of the materials
which are used for making the system and the total embodied
energy and embodied carbon of the system itself. The data on
the materials’ embodied energy and carbon dioxide emissions
in the UK have been collected from the Inventory of Carbon
and Energy (ICE) by the University of Bath [18]. In addition,
the density of materials has been obtained from ‘Greenspec’
website and from the manufacturers directly [14].

Figure 1. Five diﬀerent green wall systems on an existing
building south-west facing facade (testbed) at the University of Sheﬃeld campus [1].
In this study, the data on each green wall system has been
gathered by liaising with the suppliers and manufacturers,
which were involved in the development of this testbed through
questionnaire-based surveys and interviews in order to quantify
the life cycle analysis during the diﬀerent stages of processes,
i.e. manufacturing, construction, operation, maintenance and
demolition [12]. In addition, a comparison study has been
carried out for comparing the systems for their environmental
impact and again discussing their overall beneﬁts.

3.2 Construction Stage
The main factors considered in the construction stage included
the assembly of the systems, the mode of transportation and
the distance travelled to bring the systems to the site and
also the carbon dioxide emitted in transporting these systems
to the site. These factors are important steps to be analysed
when considering environmental impact of such systems.
Ideally, it is preferred to have the systems brought from nearby
locations as this could easily reduce the cost of fuel and also
the environmental burden. Oﬀsite construction minimises
the material waste, which can occur in a conventional
construction due to construction site theﬅ and weather
intrusion [25, 6]. Oﬀsite construction can also reduce the
amount of waste generated at the site and creates a healthier
environment. That is why the transportation sector is one of
the most important sources of pollution and accounted for
28% of CO2 emitted in the EU [4]. The travel distance carbon

3. Results and Analysis
The ﬁve diﬀerent green wall systems have been analysed for
life cycle analysis through an inventory process. The materials
used in each system were collected from the construction
drawings and the information gathered from manufacturers
and suppliers, and site inspections. The complete building
life cycle usually includes ﬁve diﬀerent stages, such as
raw materials and manufacturing; construction; operation;
maintenance; and end of life or demolition [29, 23]. The

Table 1. Construction stage analysis.

Onsite
HEDERA Screen
JAKOB Screen
BIOTECTURE
System

√

ANS System
TREEBOX System

Distance*
(Km)

Carbon
Emissions
(Kg CO2)

√

105

27

315

81.1

√

√

382

98.3

Yes
Pre grown
panels

√

382

98.3

373

96

Assembly

Type of System

√

Oﬀsite
Yes
Pre grown
panels

Mode of Transport
Car

Van

√

Truck

√

√
*Distance to the site from the main oﬃce in UK.

manufacturing stage is calculated for the embodied energy
and carbon dioxide emissions, while the construction and
other stages of processes are used for calculating CO2
emissions and the associated environmental beneﬁts of the
products during the life cycle [8]. Below, each stage of the

emissions are calculated using ‘Transport Direct’ website
[30]. During the construction stage, transportation of these
green wall systems were taken into account the distance
travelled to the site from the main supply location within the
UK. In addition, the method used for construction of all the
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systems were done by using scaﬀolding and manual labour,
which may require 2-3 persons to ﬁx them on the actual
site; in this case on one of the university buildings [1], and
therefore, there is no requirement of using heavy machinery
such as cranes on site for ﬁxing these green wall systems. As
a result, the onsite construction equipment used has a very
negligible environmental impact. The sizes of the panels of
the ﬁve diﬀerent green wall systems used in this research are
as follow and shown in Table 1:
BIOTECTURE System (1.2m width x 2.25m height); HEDERA
Screen (Climber) (1.2m width x 2.5m height); ANS System
(1.0m width x 2.5m height); TREEBOX System (1.0m width
x 2.5m height); JAKOB Screen (Climber) (1.0m width x 2.5m
height).
3.3 Operation Stage
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The green wall systems are analysed for their beneﬁts for
heating load savings and carbon dioxide emissions during
the operation stage. The analysis completed considering this
stage looks at the thermal beneﬁts of green wall systems
in the UK. The ﬁeld measurements for indoor and outdoor
temperatures have been conducted through the use of thermal
sensors as part of the research project completed by BEAU
[1, 2]. In addition, the simulation studies for heating savings
were obtained from the studies covered by the same research
Centre at the University of Sheﬃeld [1, 2]. For the studies,
the following simulation model has been utilised in order to
calculate the carbon dioxide savings over the life span of each
system. This helped to better understand the impact of these
systems in controlling the indoor temperatures and reducing
heating loads and carbon dioxide emission reductions for
a temperate climate like the UK’s. The model of the indoor
space behind the facade containing green wall systems as
well as the adjacent spaces such as the staircase and corridor
has been included (Figure 2).

Figure 2. Simulation model with green wall system on a
selected university building [2].

Each green system was applied on the south-west facing
facade against the indoor space named ‘test room’ and was
analysed for the heating savings. A ﬁctive heating, ventilation
and air conditioning (HVAC) system was considered in order
to keep the room temperatures as measured during the
experimental research. Accordingly, this system simulates
all energy transfer from inside the building (this choice is
justiﬁed by the fact that we cannot know precisely these
energy transfers). This allows us to have the good indoor
temperature for the test room. Shading was added on the
south-east windows during the summer. Using the ‘Eco Roof’
Model [28], the ANS and Biotecture systems were modelled
[2]. The following table (Table 2) lists the construction details
of the building envelope used for the simulation studies as
well as calculations of annual heating loads. The green facade
area (with green wall systems included) is approx. 16m2.

Table 2. Type of construction materials used in the simulation model.
Structure

Components

Exterior wall south-west
/ ‘Bare Wall’ supporting
green wall systems

150mm Sandstone [outside]
10mm Mortar
205mm Lightweight concrete
15mm Plaster board [inside]

Exterior wall south-east
(bottom)

205mm Lightweight concrete [outside]
100mm Air gap
40mm Wood [outside]

Exterior wall South East
(top)

205mm Lightweight concrete (column)
with 6mm single glass

Exterior wall north-east
and north-west (buﬀer
space)

410mm Lightweight concrete

Interior wall
Floor and Ceiling

110mm Brick
Carpet
205mm Lightweight concrete

The carbon dioxide emissions are analysed for each system
based on approx. 16m² of facade area with an indoor
space (test room) facing south-west. The data for indoor
temperature and heating loads are ﬁrst collected from
the recent research and the carbon emissions have been
calculated from the monthly heating loads for the test room
for annual period. The building life span is assumed to be
50 years. The Department of Energy and Climate Change
(DECC) and the Leicestershire County Council (LCC) in the UK
provides a conversion factor for KWh to KgCO2 emissions.
For converting the KWh into KgCO2 emissions, the value/rate
for electricity has been used as 0.523 [10, 24]. The following
table (Table 3) presents heating savings and CO2 emission
savings with a ventilated green facade.
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Table 3. Heating savings and carbon emission savings with a ventilated green facade.
Indoor
Temperature
Increase
(°C)

Heating Savings
(KWh)

Carbon Savings
(per year)
(CO2Kg)

Life Span
(years)

Carbon Savings*
(CO2Kg)

ANS System

0.04

97

50.73

25

1268.25

BIOTECTURE System

0.04

108

56.48

25

1412

HEDERA Screen

0.06

114

59.62

20

1192.4

JAKOB Screen

0.06

114

59.62

25

1490.5

TREEBOX System

0.04
97
50.73
*Carbon savings over the lifetime of the system (e.g. 25 years).

15

760.95

Type of System

The above table (Table 3) indicates that the carbon emission
savings with a ventilated facade is maximal for the Jakob
screen climber system. The heating savings are also the
maximum for the climber system. This is due to its longer life
span than the Hedera climber screen. On the other hand, the
hydroponic system ‘Biotecture’ has the second most carbon
emission savings system than the other green wall systems;
this is mainly due to its insulating eﬀect and Rockwool
insulation. The Hedera screen is more beneﬁcial in the winter
since it increases the indoor temperature. The heating savings

The total carbon emissions (KgCO2) from the heating in the
classroom are checked with adding a green system to analyse
the overall carbon savings for a year by taking the maximum
values. In the following two separate scenarios, calculations
have been done to demonstrate the likely situations:
•

Ventilated facade carbon reduction with green wall system
per year = 1640.12 – 60.00 = 1580.12 KgCO2 (maximum
reduction)

•

Unventilated facade carbon reduction with green wall
system per year = 1640.12 – 145.00 = 1495.12 KgCO2
(maximum reduction)

Table 4. Heating savings and carbon emission savings with an unventilated green facade.
Indoor
Temperature
Increase
(°C)
0.09

Heating Savings
(KWh)
224

Carbon Savings
(per year)
(CO2Kg)
117.152

BIOTECTURE System

0.12

278

HEDERA Screen
JAKOB Screen

0.12
0.12

TREEBOX System

0.09

Type of System
ANS System

Life Span
(years)

Carbon Savings*
(CO2Kg)

25

2928.8

145.394

25

3634.85

209
209

109.307
109.307

20
25

2186.14
2732.67

224

117.152

15

1757.28

*Carbon savings over the lifetime of the system (e.g. 25 years).

are mostly because it is a drier system and the cooling eﬀect
due to evapotranspiration is rather minimal. This leads to
savings in heating loads and again savings in carbon emissions.
In the study, a ‘ventilated facade’ refers to a facade (bare wall)
connected to a green wall system (like in the case of testbed
developed through experimental research) with an air gap in
between. Also, if there is no air gap in between, then this case
is referred to as ‘unventilated facade’ [2].
The above table (Table 4) indicates that by closing the air gap
(referred to as ‘unventilated facade’), the heating savings are
doubled and also the carbon emissions savings are doubled.
The Biotecture (hydroponic system) is the most eﬃcient for
its heating savings and carbon emissions during its life span.
This can mainly be attributed to the Rockwool substrate, which
has lower carbon content and the system has a good thermal
resistivity and longer life span.

In the case where there is no air gap between the bare wall
and the green wall system, i.e. unventilated facade, the outside
surface temperature of the bare wall is eﬀected positively, and
therefore less heating of indoors is required [2].
3.4. Maintenance Stage
The maintenance stage involves understanding the service
life, which is the overall life cycle of the ﬁve systems. The
maintenance stage involves the number of times the systems
need to be maintained during its life span and also the number
of times the plants need to be replaced on the system. It is
also important to understand the water consumption of the
system and the irrigation system maintenance [9]. This analysis
will help in understanding which type of system requires the
most maintenance. Both the Hedera and the Jakob climber
screens require less maintenance and mainly pruning of plants
compared to the other systems, mostly due to the usage of
less water and also due to the usage of fewer components
within the system [16, 19]. The life span of the Hedera screen is
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20 years; the Treebox system is 10-15 years. Visual inspection is
required once every month for the Hedera screen and the Jakob
screen. The Horticulture inspection, which is basically trimming
required twice in a year for Hedera and Jakob screens. The life
span of the building is assumed to be 50 years [26, 15] and
in terms of life span, the Treebox system has the lowest life
span compared with the Biotecture, ANS and Jakob systems
which all have 25 years life span depending on the maintenance
received. The Treebox requires 4-5 times replacement over the
building life span of 50 years [31]. The Biotecture system also
requires replacement of plants and backing board every 10
years [5]. The ANS system has the most replacement of plants
in a year requiring replacement every 2 months compared to
the other systems [3].
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On the other hand, water consumption is an important factor
to be considered as part of the green wall systems as this will
help to understand the water input required for keeping the
green walls running for the life span of each system and the
comparison of the beneﬁts from each system over their life
span through years. The Treebox system consumes the most
amount of water in a day which is 2.3 litres per hour compared
to the other systems. This is also found from the water meter
readings at the site, which showed that the Treebox system
consumes more water during the summer months from April
to July in a year, and less water during January .The Hedera
screen, the Jakob screen, and the Biotecture system consume
1.6 litres per hour. The lowest water consumption was by
the ANS system, which is 0.8 litres per hour. The Biotecture
system requires replacement of its irrigation system every 10
years. The other four systems do not require any replacement
of its irrigation systems. Drip line irrigation system is used for
all the ﬁve systems. Drippers have been grouped into a single
‘zone’ to the wall. The controller can be programmed to apply
diﬀerent amounts of water to the zone if required. The source
of the water supply to the system comes from the break tank
system with a mains water top up. The water is given to the
plants when a solenoid valve is automatically opened.
3.5. Demolition and Reusability Stage
The demolition process will involve understanding how these
systems are removed from the facade and also if these
systems can be recycled as a whole or some components
within the system can be recycled. This main method of
dismantling the green wall systems is by using scaﬀolding and
labour. This stage does not take into consideration the energy
consumption or the CO2 emitted during the dismantling stage
as it is negligible due to factors such as less use of machinery
for the removal of greening system. Aﬅer the end-of-useful
life of the product, they can be sent for recycling, landﬁll,
agricultural use or incineration. The only diﬀerence is that the
current Jakob climber system used at the testbed did not use
any recycled materials over the other systems. The energy

consumed for recyclability is not taken into account due to
uncertainties associated in prediction potential of construction
waste recovery. Hazardous waste disposed to landﬁll sites
can be deemed as unsuitable due to leaching in landﬁlls and
causes human toxicity and eco-toxicity. It is important to note
that the materials used can be recycled and will reduce the
environmental impact. Reducing the amount of waste leads
to less environmental impact, less resources used and less
energy consumed. Materials which cannot be recycled should
be safely incinerated and landﬁll should be used if that is the
last resort. Landﬁlls can leach harmful and toxic substances
to the groundwater, agricultural land and soil. In terms of the
green wall systems; the Biotecture system’s growing medium
can be recycled into brick aggregate. The modules are 100%
recyclable into plastic and the backing board can be 100%
recycled into backing board. The Jakob system has plants
that can be recycled into compost and the stainless steel used
can be recycled into stainless steel. The Treebox system has
plants, compost and polypropylene troughs that are all 100%
recyclable into new supporting troughs. The Hedera screen
has rooting materials and a coco plan sack that are both
locally sourced, which are close to individual nurseries. The
coco plan used is from recycled coconut shell, which provides
employment opportunities in underprivileged areas. From the
above analysis, all of the green wall systems are recyclable
and some of the components can be also reused [16, 19, 5, 3,
31].
3.6. Comparison of Results
The following table (Table 8) gives a ﬁnal comparison and
cumulative values of the ﬁve diﬀerent green wall systems
mainly among the ﬁrst three stages of the life cycle [20,
22]. The total embodied energy and embodied carbon
of the green wall systems have been compared for the
manufacture, construction and operation stages, while each
green wall system applied to the south-west facade using
the computer model of the testbed [2].
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In the Biotecture hydroponic system, the fascia supporting
panel and the waterproof membrane, which is made of high
density polypropylene (HDPE) and ‘ecosheet’ contribute to the
high embodied energy and embodied carbon. The productions
of plastic related products are also energy intensive and
cause pollution. Most of the plastic is derived from petroleum
and non-renewable sources, which causes environmental
pollution. The watering system for the Biotecture system
uses low density polypropylene (LDPE) material, which is a
high contributor of embodied energy in the system due to the
material and the number of watering pipes used. The Hedera

ANS compost based system and all other systems mainly due
to the usage of materials such as stainless steel supporting
rails and the supporting panels made from HDPE. The materials
which contribute to high embodied energy in the system are
the supporting system-planter troughs, the supporting rails,
which are made of stainless steel and the watering system
of LDPE pipes. The Jakob climber system is slightly lower
in its embodied energy and carbon content than the Hedera
screen climber system mainly due to the smaller size and
weight of stainless steel as its supporting member for the
climbers. The supporting system is made of ‘316 marine grade

Table 8. Total embodied energy and embodied carbon.
Type of System
HEDERA Screen
JAKOB Screen
BIOTECTURE System
ANS System
TREEBOX System
Type of System
HEDERA Screen
JAKOB Screen
BIOTECTURE System
ANS System
TREEBOX System
Type of System
HEDERA Screen
JAKOB Screen
BIOTECTURE System
ANS System
TREEBOX System

Embodied Energy (MJ)
177.33
165.93
22312.73
19452.04
27099.97

Manufacturing Stage

Embodied Carbon (KgCO2)
12.86
11.63
474.78
431.94
854.46

Construction Stage
Carbon Emissions (KgCO2)
Mode of Transportation
Truck
Van
Truck (to the site), Plane (steel mesh brought from
27
outside UK – Holland and Belgium)
Van (to the site), Plane (steel mesh brought from
81.1
outside UK - Switzerland)
Truck (to the site)
98.3
Truck (to the site)
98.3
Truck (to the site)
96
Operation Stage
Carbon Emission Savings (KgCO2)
Ventilated
Unventilated
1192.4
2186.14
1490.5
2732.67
1412
3634.85
1268.25
2928.8
760.95
1757.28

screen has a low embodied energy and embodied carbon among
the other systems mainly because of it being a climber system
and the usage of less materials for its construction. The main
contributor of embodied energy and carbon in the system is
the galvanized steel mesh and the timber cladding rails, which
are the supporting materials for the climbers. The compost

stainless steel’, which is considered to be eﬀective in sea side
environment and coastal applications. It is durable and eﬀective
against saltwater corrosion. The watering pipes’ material used
in the systems is made from LDPE that uses oil, which is the
main component for manufacturing this material and this leads
to carbon footprint associated with the oil production. LDPE

Table 9. Overall performance ratings showing the most environmentally friendly green wall systems over the ﬁve stages of their life cycle.
Life Cycle Stage
Manufacture
Construction
Operation
Maintenance
Demolition/Reusability

HEDERA
Screen
(climber)

JAKOB
Screen
(climber)

√

√

√
√

√
√
√

BIOTECTURE
System
(hydroponic)

ANS
System
(compost-based)

√
√
√

based system ANS has a lower embodied energy and carbon
content than the Treebox system. The main contributors of
the embodied energy and carbon in the two systems are the
modular panels that require a higher energy to manufacture
due to the usage of polypropylene, which is a plastic material
from non-renewable source. The Treebox compost based
system has the highest embodied energy when compared to

TREEBOX
System
(compost-based)
√

√

√

is also considered non-biodegradable. The lowest embodied
energy and carbon content are for the climber systems due to
the usage of fewer materials and less complexity in making the
system. Below, Table 9 provides a summary of the beneﬁts
for ‘cradle to grave’ analysis of using green wall systems on
the testbed.
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When compared these systems among the ﬁve stages of the
life cycle, it is clear that the climber systems are favoured
for their lower environmental impact, lower maintenance and
also reusability. On the other hand, the hydroponic system
and the climber system is favoured for the operation stage
carbon reductions as having a green wall can improve the
microclimate of the surroundings by absorbing the carbon
dioxide. The application of these green wall systems on a
larger surface area of the building can have a larger carbon
reduction and heating savings during the winter conditions.
In addition, the heating savings for the green wall systems
showed that the inﬂuence of heating savings is not very major
and is adding an extra insulation layer instead of applying
such systems could give the same eﬀect or a better eﬀect
[1]. Therefore, it is recommended to use the type of green
wall systems on a smaller scale because of the maintenance
problems such as pruning of plants, replacement of
components, and because of their shorter life span. The water
consumption for these systems can utilise rainwater rather
than mains water thus reducing energy used for pumping
water to these systems. The cost is another important
consideration for these systems which has not been
cover in this paper, although applying on a larger facade
of the building can prove to be expensive to maintain them
in the long run. Moreover, the application of these green wall
systems would be diﬀerent when applied in other parts of the
world and their beneﬁts therefore may be diﬀerent depending
on the scale of the project.
7. Conclusions
The study helps potential designers and developers
to understand the eﬀectiveness and environmental
sustainability of these green facades in temperate climate,
and is also providing awareness of the green wall systems
by understanding further the life cycle analysis through the
various stages. The green wall system life cycle takes into
account many aspects such as integrating with the building
envelope, choosing a sustainable material, and considering
the environmental impact. Today, architects, engineers and
researchers are constantly looking for innovative ways to
deal with climate change and mitigation of such an important
environmental threat. The life cycle analysis is a part of
sustainable design and it informs the overall performance
of the product during its life span from cradle to grave. There
has been a limited research on life cycle analysis of green wall
systems in the past and therefore this study bridges this gap
in knowledge. From the investigation during the ﬁve stages
of the life cycle, it is clear that each green system has its
own beneﬁts and limitations. In the past there has been
numerous studies conducted on whole life cycle of buildings
and construction materials used in the built environment. This
study is an important milestone in sustainable architecture

and application of green wall systems in the UK, also giving
a wider understanding about the environmental sustainability
of these systems.
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