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Abstract

Today Urban Cities faces energy and environmental challenges due to increased population, higher urbanization. The
building sector has a big responsibility as it acquires high consumption rates in global energy and environmental scenarios.
It is thought tkat the built environment in Egypt is responsible for 26% of the total overall national energy consumption,
62% of the total electricity consumption and around 70% of resultant CO2 emissions. The increased use of electrical
appliances causes Urban Heatrdsl&ffect (UHI), which affect major urban centres. Adding green elements to any urban
area is proved to be an effective strategy with numerous benefits to enhance the city's ecosystem, also mitigate the urban
heat island measures. In this research Greafs/malls can regulate outdoor air temperature by 10°C and improve outdoor
thermal comfort by ZPredicted Mean ValuePMV) values. The modelling of green strategy models can take into
consideration design developments in areas with hot and dry climags.Zbhe properties of green walls can directly

affect the results of thermal comfort as leafs absorbs, reflects and transmits solar radiation, and increases the
evapotranspiratian
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1. Introduction

The built environment is the largest part of the physical aognomic humamade capital [l where the
construction sector itself constitutes a major part ofgtiess national product (GNP)][and accounts for 40% of the
world's resource and energy usq.[B1 Egypt, the sector is a particularly significant contributor to the economy
(averaging at 25% of the GNP)][dnd is also a key user of energy. It is thoiupat the built environment in Egypt is
responsible for 26% of the total overall national energy consumption, 62% of the total electricity consumption and
around D% of resultant CO2 emissiond [k is therefore important that the sector be considarkely target of energy
consumption policies.

Adding green elements to any urban area is proved to be an effective strategy with numerous benefits to enhance the
city's ecosystem, also mitigate the urban heat island measures. Many researches overdhadeastvéstigated the
impact of greenery when added to cities; especially trees, studies shown how effective a tree can be in reducing air
temperature compared to air conditioning units. Greenery have proved to improval ttemfort at the local scalé,
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7, 8 and P Since walls represent a high portion of the exposed urbanized area, green walls have gained widespread
attention for their accountable impact on reducing energy consumption, also for their impact on modifying urban climate.
It's proved thatvhenever vegetation, are installed in highmediumrise buildings, there is a direct impact on energy

use and urban heat island mitigation potéia-12].

Green roofs give a few advantages at both building and city level. Coming up next are thsualbsseen at urban
scale: mitigation of urban heat island impact [13]; decline in storm water overflow [14]; upgrade of biodiversity in
densely urban regions [15]; cleaning of air and water spillover [16]. At Building scale, green walls diminish the
reasonable heat flux because of the cooling impact [17] along these lines diminishing the heating and cooling demand
of a building [18], and improving human thermal comfort. This impact may change contingent upon the atmosphere
conditions, and the dimensiofi protection extraordinarily in instances of structure retrofitting. The greater part of these
numerous advantages are connected to the cooling impact because of the evapotranspiration procedure (ET) that
humidifies the outside encompassing air, decretigesurface temperature of the walls when irrigated, and mitigates
the urban heat island [19].

Ideas for new urban areas should introduce biodiversity into the urban condition. Safeguarding biodiversity despite
urbanization, territory discontinuity, eagical debasement and environmental change is presumably one of the best
difficulties within recent memory. Tomorrow's urban areas should offer new types of green space, yet in addition to
moderate the hotter urban atmosphere and the urbahigiaatl imgct. Green urbanism is an-alhcompassing idea
for tomorrow's in addition to energy urban areas that depends on the use of energy, water, green spaces, materials and
adaptability. Its long term objectives are zero emissions, zero waste and the evesiemgpivater/material wastage.

In light of the challenges facing the city identified previously, this study proposes an experimental investigation of
green envelop thermal effects in the context of climate change and sustainable building design. Baasd study
in Egypt, it addresses the following research objectives. It explores the impacts of green envelop (green wall) on building
microclimate and examines the effects of underling environmental factors such as soil thickness-aalgtbermal
performance.

The research hypothesis states that a vegetated green element can enhance the micro climate in a very powerful way
that enhances the ecosystem health and present comfort to microclimate around a building. The research will present
solutions forurban densifications and its impact on ecosystem health. The methods outlined in this research could be
useful for urban planning and building design.

2. Review of Green Envelop

In 2009, it was found that in every one of the cities around the worldsutreunding temperature could be
diminished just by upgrading the greeneries, especially advancing the idea of urban greening as opposed to urban ranger
service on the grounds that the last possessed more ground space, which was completely rargopthietiesgt urban
communities 20, 21]. The most widely recognized urban greening innovations are vertical greenery systems and green
rooftops. Tragically, the vertical greenery systems is at its nucleation stage in these cities. The creators spafied diff
advantages of joining vertical greenery systems; the primary being the warm advantages accomplished for the external
wall texture, measured as far as temperature lessening of roughly 11.6 °C the peak value attained summer months. Broad
investigationgperformed in 1990 demonstrated that the vertical greenery system contributed more to the smaller scale
atmosphere of the building. On the off chance that the whole building texture (walls and rooftops) including the open
yards were hung with green facadé@sabsolutely created a cool small scale climatic condition, in this manner
contributing more to the microlimate. Greeneries reduce the outside surface temperature of building walls through
transpiration cooling and give incredible shading.

In 2013, adescriptive review was published to discuss the significance of green rooftops and the contrast between
green rooftops and regular rooftops. The outcomes uncovered that a green rooftop has a critical part in adapting the
urban condition by reducing the @ heat island (UHI) impac2]. A green rooftop built up in urban zones with both
subtropical and tropical islands, demonstrate that it can decrease the expansion of outside temperature by around 42%
and the increase of indoor temperature by 8% amidalygime. Amid night, it can keep up 17% of the temperature in
the outside condition, balancing out the temperature change. It was discovered that by substittiaglennilding
materials with vegetation, a normal temperature contrast of 20 °C ebétteeen the most and the minimum vegetated
areas checking the urban heat island in four regions of New York City.

3. Case Study

Cairo, a mega city of dense urban morphology, Cairo experiences serious deficiency oflgweligteen spaces.
Thegreenspace deficiency has corrupted the nature of the urban conalitibrelated ecosystem servi¢28]. Urban
Cairo has a huge potential to embrace the green layer innovation. There has long been a poor awareness among decision
makers and the public tie potential benefits arising from gremof or green wall installatiorCairo is a higkdensity
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city situated in the middle of Egypt (30.04° N, 31.23° E) with an average altitude of 74m. Outdoor comfort investigation
is during the hottest day%of August [24 and is calculated using PMV, and air temperature. Cairo experiences a hot
arid climate with average temperature around 35 °C and humidity of 56%. The study is conducted on Neighborhood
scale and street scale. The present study aims to investiga#ect of green infrastructure on reducing air temperature

and outdoor thermal comfort in a typical urban neighborhood in CGElifdohandseen "The Engineers", is a region in

Giza, Egypt. During the 1970s, the populace expanded drastically, andctheadmnestates neighborhood transformed

into swarmed flat squares. Over the most recent 10 years, population growth and city migration have led to uncontrolled
and enormous urban growth. Leasingtsry buildings towards 15tory towers, this has led tbet formation of large

and growing compact city morphology, a legalized urban morphology of unimaginable density and compactness. This
resulted to a deterioration of the natural environment and the living conditions of an ascending number of urban dwellers.
Figure 1, show the case study map.

Figure 1. Highlighted region of Mohandseen(focus study area)

4. ResearchMethodology

Quantitative research is set for Neighborhood and street scale. The author depended on simulation software tools as
they are the adequate tools available. Envimet were chosen for the study. All simulations occur in Greater Cairo and
Delta climatic zoneSimulation sequence goes as follows; first a full city block base case will be modeled into Envimet.
After that green walls will be added to compare the effects of adding vegetation on air temperature and outdoor thermal
comfort (PMV). This is followed by atreet block investigation for more clarifications on the impact of greenery impact
on buildings in terms of temperature reduction and thermal comfort alte¢atibie J).

Table 1 Simulation Scenario configuration

Neighbourhood and Street (Simulation senarios compare between Base Case and Green Envelop)

Variable 1: Building Height

Variable 2: Building Setback

Objective: Outdoor Temperature & PMV

(BH from 5 to 15F/ BS from 3 m) (BH: building Height, BS: Building Setback, F: no of Floors)

4.1 Description of ENVI-met Software Tool

Microclimate recreations are performed utilizing ENYiet 4.0, a thredimensional computational liquid elements
nonthydrostatic S.V.A.T. (soil, vegetation, air, and exchange) display. This program models the-darfba#
associations in urban conditions, has been widely approved and utilized as 8b|&8].[The primary information
parameters of ENVimet recreations incorporate climate conditions, starting soil wetness and temperature profiles,
structures anghysical properties of urban surfaces, and plants. EN&tipermits to compute the air temperature, water
vapour weight, and relative moistness, wind speed.

In ENVI-met, Vegetation is demonstrated for its evapotranspiration procedures, shadow, and alctsy BNV
met does figuring concerning both shortwave and-\vage radiation motions regarding shading, reflection, and re
radiation from structures and vegetation. The temperatures of the ground and building surfaces are at long last computed
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from an eergy balance of differential conditions understood utilizing the limited distinction strategy.

ENVI-met simulation ought to normally be done for something like 6 hours, yet a 24 hour time span is more common.
In this exploration, the model was mimickedrr 10am of August second to 6pm of August second, utilizing the
neighbourhood climate station information revealed in Talale beginning limit conditions.

Table 2 Initial clim ate inside ENVI-met simulations

Parameter Input value
Start date August 2nd
Start time 10:00 am
Simulation time 8 hours
Wind direction North West (345°)
Wind speed (10n) 3 m/s
Specific humidity (2500n) 7.0 g/kgda
Relative humidity (2n) 60 %

5. Software validation

In order to validate the software, a comparison between the measured and predicted air temperature were conducted
between 10:00 a.m. and 6:00 p.m. on 2nd of august 2018. Air temperature measured at the Centre of the case study at a
height of 1.5 m above ¢hground in a residential area of Mohandseen, Egypt, using a global temperature thermometer
for outdoor use (measurement accuracy 0.1 - C)metThéhe we a
relative errors of measurements were less @ at most time points, which may have been caused by the errors
existing in weather data. The field experiments validated that the accuracy ofre®\élan meet the requirements of

this study (Figure).
TemperaturéC
40

35
30
25
20

15
12,'\/?0 1&,‘\20 1200 1:00PM 2:00 PM 3:00 PM 4:00 PM 5:00 PM 6:00 PM

m Predicted  28.7 29.9 31.6 33.1 34.5 35.8 36.9 36.5 355
Measured 27.3 28.1 30.6 33.2 33.6 34.1 35.2 36.1 35.1

Air Temp

Figure 2. Comparison between the measured and pdicted air temperature

6. Simulation Input Data for the City Block

The first step of the simulation process is the creation of an area input file. For the creation of the Moleaedseen
input file a grid size of x=4m, y=4m, z=4m were used. The total number of grid cells along the x axis were 600, the y
axis 600 cells and the z axis 90 grid cells. The area is mixed of 15 floor, 10 floors and 5 floors residential buildings.
Setback beveen buildings varies, but in most cases 8 meters back to back and 6 meters side to side. The second step
necessary to run the model was the creation of the configuration file. The simulation started'tof tuegRist at 10:00
AM. The total simulatiortime is 8 hours. The initial temperature used for the simulation is 28°C and reached 41°C. The
wind speed was 3 m/s. The wind direction is 345° (North West). The relative humidity used as 56%. The model ran at
the 250x250x30 version. The simulation witivestigate the impact of extensive and intensive green walls on air
temperature and thermal comfort (PMV).

6.1 Air Temperature Results for City Block

The output files from the ENWinet simulation model were analysed and visualized through maps witlsehaf
the LEONARDO 3.75 software. The air temperature at 2 meters was visualized for both cases at eight different hours
of the same day. The initialization of the simulation is at 10 AM. Case A (without greenery), asKgerei8, have
average aitemperature of 30°C mostly in the middle; with high solar radiation at noon, interacting with concrete, bricks
and asphalt. The minimum recorded air temperature is 28°C and the maximum is 33°C. As for Case B (with greenery)
shown inFigure 4, the green influences the air temperature around the close surroundings. Green and vegetation can
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influence the surrounding air temperature strongly. The green area with the concrete paved block in the middle that are
situated on the west side of it seamsool the close surrounding area at a small level. Even though the building blocks

the wind flow, at this time of the day. The area is shaded by the building and thus the air temperatures are lower. The
warmest areas are observed around the buildingkemop right corner and bottom area of the map with average
temperature 23°C. The temperature difference when compared with case A at 12:00 PM is approximately 8°C. Greenery
have a huge impact on outdoor air temperature in arid climates. BEiggieecanparison between case A & B through

the day.Air temperature reduction from installing extensive green wall with thicknessml@as better than the

intensive green wall with 30m thicknesslt is common to provide comfort with thicker medium offered, iigeems

that thinner soil don’t store or traps sun rays, unl ik
zone in which the experiment occurs and simply this phenomenon is called Therméfimassg.
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Figure 4. Air temperature of Case B at 12:00 PM
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Figure 5. Air temperature difference between case A and B
6.2 Thermal Comfort Results for City Block

ENVI-met was selected to evaluate the outdoor thermal comfort, Biomet was used to calculate the PMV values at
noon. Simulation for both cases A and B is measured at 2 meters height from street surface. The PMV values ranges
between 2 to 3.4 for case A; chaterized as HOT. The PMV values for case B range from 0.46 to 2.13 at 12 PM;
characterized as COOL. For Case B; most of the area has PMV values are between 1 and 1.57 with the majority of the
block having good comfort conditions. The lowest values asemvid in front at the north and west and in the middle.
After this value the “coolest” values are noticed at
values for both cases A & B is considered impactful. Around 2 PMV value redputiet provides better pedestrian
comfort in the City block. These details can be seen in the following Figyres 6 and7. The best thermal comfort
sensation is noticed in the areas with natural surface materialse Biig a full day difference beteen case A and B.
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Figure 6. PMV for case A at 12 PM
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Figure 7. PMV for case B (with greenery) at 12 PM
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Figure 8. Thermal Comfort (PMV) difference between case A and B

7. Input Data for the Street Block

On the street scale, attention to climate around buildings is targeted, Base case C (without greenery) and case D (with
greenery). A single street was considered for simulation, a 3D model is shdWgure 9. The same meteorology
settings inherited; with the initial conditions of 3 m/s for the wind velocity and 345 deg. for the wind course. The simple
forcing for the air temperature and the relative humidity are used along one day time span, with adraperaiture
of 283 at 10 am and a greatest estimation o84at 6 pm. The relative humidity was 56%. The total simulation time
was 8 hours. The displayed zone has the accompanying measurementstQD&?. The model territory has been
rendered with etwork measure 150 cells along the x hub, 150 cells along the y pivot and 22 cells along the z hub. The
extent of a lattice cell was: d2=m, dy=2 m and dz=3n. The model was turned off 0° according to the area of the
structures to the fundamental Northedtion.
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Figure 9. Perspective view for Steet block; Case C and D
7.1 Air Temperature Results for Street Block

The distribution of air temperatures for the two cases C & D were plotted at noon, with 1.5 m above the ground. In
Figures 11 and12, Base cas€ recorded a maximum air temperature oB33mainly above the asphalt streets around
the buildings. In between buildings the temperature was around, 3033 reduction than the street due to shading.
Figure Dis a section elevation representing theaiperature. As it is show higher temperature is close to the asphalt
street surface, reaches 83 as you go higher the temperature starts alter and reducesl to 30
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Figure 12 Air temperature map Case D @ 1.5 m above the ground; 12 pm

The distribution of air temperatures at noon for Case D (with green walls) is shbigaiie 13 reveals that we have
obtained an obvious decrease in temperature with the air temperature from Case C. All buildings in Case D are
surrounded with a green wall. As an outcome, they have a tendency to retain a noteworthy extent of the heéah Vegetat
captures radiation and produces shading that adds to diminishing the urban heat discharge. The nearness of vegetated
dividers in Case D restrains air cooling because of the air dissemination produced among vegetation and structures.

The air temperaterin Case C is reliably higher than the air temperature in Case D. Higher temperatures in Case C
happen on account of the thick centralization of materials like {itgtknd cement in structures. These materials ingest
warm amid the day and discharge liadually around evening time. It is the opposite for Case D which development
materials absorbs heat gradually and mirror the radiation at day time. As indicated by numerous analysts, UHI for the
most part achieves its highest intensity after sunset, tieaurban surfaces have adequately waropdConsequently,
the urban region with elevated structures displays temperatures a few degrees higher than the surroundings region around
evening time demonstrating the impact of UHI.

7.2 Thermal Comfort Results for Street Block

Figures 13 and X present the Predicted Mean Vote (PMV) results at noon for the two cases C & D. The findings of
case C, as shown in kige 13 indicate that the Predicted Mean Vote ranges from 2.49 to 3.48, this indexed as hot. In
Case D the (PMV) is about 1-8.3 meaning that some places especially around buildings it is possible to obtain cooler
areas than in case C. There is a difference in 1 PMV value between the two cases. This is due to implementing green
walls around buildigs; which enhances the outdoor climate, reduces air temperature and provide a better condition for
pedestrian in arid climates.
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Figure 14. PMV for Case D & 1.5 m above the ground; 12 pm
8. Results Analysis

The temperatures of the urban surroundings are normally controlled by albedo of the materials that assimilate and
discharge diverse amount of Latent heat. Subsequently, green wallgderd dlternative to supplant those surfaces
with vegetation. Vegetation oversees the temperature examples of a microclimatic territory through transpiration the
water, change the wind speed, and give shading on the heat permeable surfaces and agljustingxthange among
urban surface. Green dividers plays out a steady heat sink with evaporative cooling process, and decrease the retaining
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measure of radiative vitality when contrasted with a solid surface. This low sun based retaining normal &anthe gr
dividers diminishes the surface air temperature and lessens the warmth transition. What's more, green walls can give
numerous natural advantages to the site other than temperature relief

9. Conclusion

The green envelope on walls, proved the possibifitseducing the external heat of the residential neighbourhood
by a large proportion throughout the 2nd of August, which is the hottest day. The air temperature of a city block in
Mohandseen was calculated. This city block consists of three differentriguliéights (5, 10 and 15 floors). The
simulation was carried out from 10 am to 6 pm for the existing situation without adding a green layer and once again
when a green wall was added. The results showed a temperature reduction by an avera@etoblghdut the day
when implanting the walls. This is followed by outdoor thermal comfort investigation, measured in PMV index. The
results accounted for a difference of 2 PMV values (from HOT to COOL) for the whole city block. The properties of
green walls cadirectly affect the results of thermal comfort as leafs absorbs, reflects and transmits solar radiation, and
increases the evapotranspiration. These results are significant and impact the urban heat island in the city of Cairo
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