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Abstract

The aim of the research is to evaluate and examine the thermal performance of green walls and whether
they can be considered as a possible method for mitigating the climate change impact in London. As part of
the methodology for the dissertation a quantitative and qualitative research is performed in summer in the
city of London. The study quantifies and demonstrates that a vegetated facade can reduce the exterior
surface temperature, ambient air, reduce wind speed, provide a cooler ambient temperature and generate
fewer temperatures fluctuations.
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1. Introduction

Vegetation has proven to be a valuable mitigation strategy for higher temperatures.
Numerous studies have established a positive relationship between increased green areas
and a reduction in local temperature (Sheweka & Magdy, 2011). Greenery can act as an
expanding system benefitting its surroundings (Safikhani, Abdullah, & Ossen, 2014). An
experimental research in France acknowledged that they can modify the radiative balance
of a street and reduce overheating by one third in urban canyons (Djedjig, Bozonnet, &
Belarbi, 2015). The use of vegetation on facades can be a useful strategy to provide
passive thermal control on buildings.

The aim of the research is to evaluate and examine the thermal performance of green
walls and whether they can be considered as a possible method for mitigating the climate
change impact in London. Also, to evaluate the cooling potential of LWS during summer
and understand how it modifies the microclimate in London. Moreover, to analyze its
benefits and provide insight into occupant’s thermal comfort levels.

2. Case Studies

Three living wall systems were experimentally monitored and its thermal performance
measured in London. For the purpose of this exercise the monitoring of environmental
variables were analyzed and compared to the external temperature between the green
wall and a bare wall (two of the LWS are presented). The monitoring of the buildings was
carried out in the 2016 summer season in London. The monitoring of one of the LWS (A)
begins on the 25™ of May and ends on the 26% of June. Meanwhile, wall (C) begins the
26" of June and finishes the 13™ of July. Additionally spot measurements were
undertaken to record temperature and humidity and wind speed. Furthermore,
qualitative data was gathered through a questionnaire. The three case studies
investigated were living wall systems greened in its totality with similar foliage coverage.


http://www.nceub.org.uk/

2.1. Case Study A
The case study in site A is a living wall system oriented East installed in 2015. The wall
features 15,000 plants (lvy, ferns) selected for microclimatic conditions.
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Figure 1. Shows the Thermal Image Comparing the Surface Temperature of the Living Wall System in site "A"
at 9:19am the24™ of June 2016.

The hourly measured data selected for analysis was classified as a typical sunny day (June
07, 2016), a cold day (June 15, 2016) and a hot cloudy day (June 23, 2016). During this
period the hourly maximum surface temperatures recorded in the bare facade in site “A”
was 28°C. Meanwhile the green facade was 20°C at 12:00 p.m. This LWS experienced a
maximum surface temperature difference reduction of 10°C (16.5°C and 26.5°C) at 12:00
p.m. compared to the bare wall on a sunny day. Additionally, the average temperature for
the exterior facade during a hot sunny day in the LWS was 19.3°C and the bare wall was
21.8°C.

The surface temperature of the vegetated facade was consistently lower during the four
weeks. Furthermore, the LWS provided significant thermoregulation during the day. The
results demonstrated the LWS have less temperature fluctuations when compared to a
bare wall. The data show the East facade was effective in reducing temperatures between
11:00 a.m. to 2:00 p.m. since it receives direct irradiance during the morning (Susorova,
Azimi, & Stephens, 2014).
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Figure 2. LWS “A” Surface Temperature and Bare Exterior Wall Comparison on a Hot Sunny Day
(07/06/2016) and a Cold Day (15/06/2016) and Three Weeks Data



During cool days lower fluctuations are recorded in both the green wall and bare wall. On
cool days the LWS “A” decreased the surface temperature of the exterior wall up to 2.5°C.
A mean difference of 17.1°C on the green wall was recorded on a cold cloudy day and
18.7°C on the bare wall. Furthermore, on a hot cloudy day the mean surface temperature
of the green wall was 19.7°C and the bare wall was 21.5°C. During hot cloudy days lower
fluctuations were recorded in both the green wall and the bare wall on site “A”. The
temperature reduction in the presence of the LWS was more prominent on sunny hot
days. Therefore, this suggests the LWS have enhanced benefits as the temperature
increases. An experiment suggested that this phenomenon can be due to the absorption
of latent heat vaporization through transpiration when solar radiation is high and shading
effects (Jim, 2015).

2.2. Case Study B
The second case study is a living wall system with green walls on the South, East and West
with an area of 260m. The wall consists of 18,000 plants which include Evergreen Hart’s
Tongue, Helxine Solieroli, Ophiopogon Japonica, Lavendula Augustifolia.
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Figure 3. SoWhe Thermal Im_age Comparing the Surface Temperature of the Living Wall System in Site "A"
at 1:01pm the24th of June 2016

The measured data for the LWS “C” was classified for the analysis as a typical sunny day
(July 07, 2016), a cold day (June 30, 2016), and a hot cloudy day (June 26, 2016). The
results of the LWS “C” demonstrated the vegetation in this building can provide a more
prominent cooling effect. This wall has more extreme temperatures; probably because the
measurements were conducted from June 26™ to July 13™ with warmer summer days.
However, the depth of the foliage is more intense providing higher cooling effects through
shading and evapotranspiration.

The maximum difference temperature value between the bare wall and green wall was
12°C at 11:00 am in site “B”. The surface temperatures from the bare wall reached a
maximum of 31°C, meanwhile the green wall reached 19°C at the same hour. Additionally,
the mean temperature for a sunny day in the green wall was 20.3°C and for the bare wall
23.7°C. Therefore, it is concluded there is a strong relationship between the time of the
day, the weather and the cooling effect of the wall. The most effective reduction of the
temperatures was observed from 10:00 am to 4:00 pm on hot days (cloudy and sunny).
The results verify the effectiveness of vegetation to intercept radiation, hence reduce
surface temperatures. Furthermore, the absence of vegetation in the bare wall magnified
the heat. The graphs below show the lower temperatures during the day and the lower
fluctuations of temperatures on the green wall which creates a more stable microclimate.
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Figure 4. LWS “C” Surface Temperature and Bare Exterior Wall Comparison on a Hot Cloudy Day
(26/06/2016) and a Cold Day (30/06/2016) and Three Weeks Data

2.3. Findings Summary of the Two Case Studies

The results of the study verify the LWS can improve the thermal behaviour of the building
envelope. The capacity of the green facade to decrease temperature was verified and
reached a maximum difference of 12°C. Surface temperatures were always higher during
the day on the bare wall on both sites. Furthermore, the fluctuations from the surface
temperature of the vegetated facade were lower. Additionally, on cool cloudy days the
cooling effect and fluctuation ranges were lower. During night time the temperatures
were relatively similar on both the green wall and bare wall surface on sunny, hot cloudy
days and cold days.

It can be concluded that reducing the exterior surface temperature through a vegetated
layer provides a reduction of the surface temperature, hence the heat flux through the
building wall (Eumorfopoulou & Kontoleon, 2009). Therefore, interior temperatures are
reduced providing energy savings and thermal comfort to its occupants (Di & Wang,
1999). However, for this experiment interior surfaces were not measured.

3. Spot Measurements

The values of the measured thermal properties for the LWS demonstrate the difference in
nearby air surface temperature from a bare wall and a green wall at a distance of 5cm and
2 meters away. The results of the LWS “C” are shown in Figure 6 which poses three
facades with greenery (East, South and West). The spot measurements verified that the
living wall can moderate the temperatures between 0.5°C and 4.1°C maximum when
compared to a measurement at a distance of 2 meters away. The maximum air ambient
difference was 4.1°C at 5cm from the wall when compared to 2 meters away from the
LWS in the South fagade. As a result, a colder exterior microclimate is established near the
LWS through lower temperatures in summer.



The air velocity near the LWS was lower than the bare wall and decreased even more in
between the foliage. The wind speed reduction varied from 0.1 m s 1.2 m s maximum
reduction 5cms compared at a distance of 2 meters of the wall and compared to the bare
wall the highest difference is 0.7 m s1. Furthermore, in between the leaves is reduced to 0
or 0.1 m s* due to foliage (Figure 5). Studies have concluded that the reduction of wind
can reduce heat flux through walls given that wind velocity influences the thermal
transmittance in a buildings and that the trapped layer of air in the leaves reduces heat
flow through the surface of the building (Perini, Ottelé, Haas, Raiteri, & Ungers, 2011).
Furthermore, relative humidity on the LWS reached a maximum difference of 3% when
compared to the bare wall. However, the exterior surface of the building had a positive
range of humidity in the three sites.
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Figure 5-6. Comparison of the Wind Velocity on Wall “A” “B” "C" at 5cm, 2 meters and bare wall and
Comparison of the Air Ambient Temperature, Relative Humidity and Wind Speed on Wall "C" East Facade

4. Questionnaire

The questionnaire survey was employed to measure the occupant’s perceived benefits,
occupants’ experience and perceived thermal comfort toward the living walls under study.
There was a strong positive relationship of how occupants felt in terms of comfort
towards the green walls. Furthermore, 95% of participants perceived better thermal
comfort in spaces with green walls or roofs. In addition, a large majority of respondents
(85%) seek for shade in summer. All participants encouraged more incentives for green
spaces and considered as very important the creation and provision of these (100%).
Furthermore, 95% agreed that green walls/roofs can mitigate the effects of climate
change in London.

5. Conclusions

The study quantifies the thermal performance of LWS London during summer. The
research conducted environmental monitoring and questionnaires to analyze the
perceived satisfaction and thermal comfort of occupants. The experimental monitoring
showed how green walls can provide a cooler ambient temperature and reduce wind
velocity creating an external microclimate during summer in London.

Through the study weather parameters like temperature, wind speed, relative humidity
and outdoor air temperature showed a positive relationship associated to the LWS.
Surface temperatures differences were recorded to reached up to 12°C lower in summer
in the LWS. Ambient air near a LWS can reach a temperature 4.1 C lower compared to a



distance of 2 meters away (site “C”) on the South facade creating a cooler exterior
microclimate. Furthermore, wind speed can be decreased up to 0.7 m s in front of a
green facade and be reduced to nearly zero into the leaves foliage. This creates a layer of
still air in between the foliage that performs as insulation with less temperature
fluctuation.

Radiation can be blocked through the greenery through shading encouraging lower solar
heat gain on the building envelope, hence lowering the surface temperature. Ambient
temperature is decreased due to additional moisture in the air through
evapotranspiration. The combination of these factors reduces the cooling load of the
building, mitigates urban heat stress in London and climate change. However, there are
some considerations to take into account like costs and maintenance of LWS. However,
for excessive temperatures LWS can become a more sustainable economic option for
future and extreme climates because of its improved thermal resistance (R).

According to the Met Office, extreme temperatures in London will become normal by the
2040’s. LWS can act as a passive system reducing energy demand and greenhouse gas
emissions in London. However it's important to take into consideration the type of
system, the depth of the greenery, the design and the plants to be selected given that
vegetation has direct effect on thermal performance and its thermal conductivity and will
vary according to these variables, among others.

The integration of green walls in buildings doesn’t necessary need a large area of space in
order to create cooling effects and provide numerous environmental and social benefits.
Other cities around the world like Seattle have effective programs and policies
encouraging new developments to have 30% percent of vegetation coverage. Singapore
utilizes financial schemes to fund 50% of the costs of a green wall. London can benefit
from similar policies to support the transition into a sustainable climate resilient city.
Green walls can be used as a strategy to improve the building energy performance in a
temperate climate and reduce CO2 emission if used in a larger scale. Furthermore, plants
are a natural source to mitigate and adapt to climate change.
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