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The intensity of UHI in Damascus is greater than most American and
Turkish cities. It is even higher than the UHI effect in Riyad




Why ? Problem statement

Implementation is limited

Due to different factors such as the complexity,
technical difficulties , feasibility ..etc.

The efficiency of LWS in mitigating the UHI

Has not been widely studied
:
|
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Living Wall System
(LWS)

Increase vegetated spaces High-density city



Research question

“How to design a Living Wall System that can be integrated into the built environment Of
Damascus and how efficient is the proposed design as an Urban Heat Island mitigation
strategy? “



Research objective & sub

objectives/ questions

Main objective

Design a Living Wall system
that can be integrated into the
built environment of
Damascus and evaluate the
efficiency of the proposed
design as an Urban Heat
Island mitigation strategy.

Sub objectives

To analyze the Urban Heat Island
phenomenon and its associated

consequences.

To define the key causes of the Urban
Heat Island effect in Damascus.

To learn about the Living Wall System’s
cooling mechanism on the local climate.

To learn about the Living Wall System
currently available in the market and

analyze the system requirements.

To determine the challenges involved in
designing Living Wall System in

Damascus.

To design a Living Wall System suitable
for Damascus’s context and meets the

designing Criteria.

To evaluate the efficiency of the
proposed strategy in mitigating the
urban heat island effect and improving
pedestrian outdoor thermal comfort on
microclimate in the urban canyon.

Sub questions

What is the Urban Heat Island
phenomenon, and what are the
associated consequences of this

phenomenon?

What are the key causes of the Urban
Heat Island effect in Damascus?

How can Living Wall System mitigate the
Urban Heat Island effect?

What are the types of Living wall
systems currently available in the
market?

What are the challenges involved in
Designing a Living wall system in

Damascus?

How can Living Wall System be
integrated into the built environment of
Damascus?

How efficient is the proposed strategy to
mitigate the UHI effect on microclimate
and improve pedestrian outdoor thermal
comfort in the urban canyon?

method

Theoretical research, analysis and case studies

evaluation

Designing

Evaluation

deliverables

Definition of the Urban Heat Island
phenomenon and its associated

consequences

The key causes of Urban Heat Island
in Damascus

Learning about the Living Wall
System’s cooling mechanism

Comparison of the different Living
Wall Systems currently available and

analysis the system requirements

Definition of the challenges involved
in designing LWS in Damascus and
design main criteria based on the

challenges

design of a Living Wall system that
meet the design criteria

Evaluation of the efficiency of the
proposed strategy on micro climate
scale
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Urban Heat Island — UHI

s Surface tumperation
e K mperatore (08

=== ke femperatoe (1

Rl Suburbarn ford Industidl Reddentid  CtyContre  Reddentid  fuk  Suburban  Rural Rural Urban Rural

Atmospheric heat island is also classified into layers:
« Urban Canopy layer (UCL)
* Urban Boundary Layer (UBL)

Two types of heat island: the surface heat island
the atmosphere heat island
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Damascus

Urban environment of Damascus , from left to right

, Old city, modern city , informal settlements
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Urban Heat Island in Damascus- Key causes -

Climatic Characteristics Population related

Uncontrollable Controllable

Topographic Characteristics Urban Design & structure
related
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Urban Heat Island in Damascus- Key causes -
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Topographic Characteristics Urban Design & structure
related



Urban Heat Island in Damascus- Key causes -

Rainfall - Damascus, Syria
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Urban Heat Island in Damascus- Key causes -

Rainfall - Damascus, Syria
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Urban Heat Island in Damascus- Key causes

Rainfall - Damascus, Syria
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Urban Heat Island in Damascus- Key causes

Climatic Characteristics Population related
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Urban Heat Island in Damascus- Key causes -

Population related
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Urban Heat Island in Damascus- Key causes -
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Urban Heat Island in Damascus- Key causes -

POCLLLLTION

Population related
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The main sources of anthropogenic heat in
Damascus

= transportation  w industrial facilities = houses




Urban Heat Island — Damascus
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Living Wall System as a cooling strategy

Vertical greening systems

/ \ Vertical green type Rooted into the ground Rooted in artificial substrates and potting soil mixtures
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Living Wall System as a cooling strategy

Evapotranspiration effect Shading effect
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Thermal insulation

Cooling mechanism of LWS
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Living Wall System — System requirements -
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Supporting system Plant selection Growing media Irrigation system Drainage
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Living Wall System — System requirements -
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Supporting system Plant selection Growing media Irrigation system Drainage

Vertical and
horizontal
structural
elements
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Living Wall System — System requirements -
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Supporting system Plant selection Growing media Irrigation system Drainage

Vertical and

horizontal E\_/ergreen
structural native plants
elements
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Living Wall System — System requirements -
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Supporting system Plant selection Growing media Irrigation system Drainage
hOI‘IZOﬂta| Evergreen Expanded clay pebble i ,

structural native plants
elements h

plastic-based growing media Rockwool
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Living Wall System — System requirements -

Supporting system Plant selection

. - 7
‘

Eve rg ree n Expanded clay pebble

native plants l '

plastic-based growing media

Growing media

Vertical and
horizontal
structural
elements

Rockwool
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Living Wall System — System requirements -

Supporting system Plant selection Growing media Irrigation system Drainage
vertcal ana S5 o
hOI‘IZOﬂta| Evergreen Expanded clay pebble i ,

structural native plants
elements h

plastic-based growing media Rockwool
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Living Wall System — Types of LWS -
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Living Wall System
based on felt pockets
The life expectancy of this
system is over 10 years

Living wall system
based on panels

The life expectancy of this
system is over 10 years

Living wall system
based on planter boxes
The life expectancy of this
system is over 15 years

Modulogreen Vertiss green wall -
) veruss g .. Flexipanel LivePanel
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Living Wall System — Types of LWS -

Analysis of current living wall system

General information vegetation growing medium Panel mounting system Irrigation
system type weight kg/m”2 cost €/m*2 | life expectancy Plants per unit growing medium hydroponic Material Panel size em material fixation insulation irrigation system water consumption I/day/m*2
Modulogreen based on planter boxes 29-39 (dry)-69 (saturant) 500-600 30 years 16-32 plants Soll mixture no ABS Plastic 90%90,4*17,8 Aluminium brackets ancharing bolts possible close loop irrigation system 1
wide range of plants Aluminium profile TBO *52 Gasket EPDM
- Th lastic Polyolefin backi t f 1
Flexipanel based on rock wool 20-25 (dry) - 40-45 [saturant) 650 10 years 25 plants Rockwaol- soil | yes I ermaplastic Falyoletin bhacking waterpraot laysr 62*52*16 Aluminium profile anchoring bolts possible close loop system 1,5-2,5
plants with short roots clips
FYT-RCF waterproof layer
Fytotextile based on felt layers 25 (dry) - 41 (saturant) 800 10 years 42-45 Rockwool - soil no FYT-DRA irrigation distributor 100*100*13 aluminium profile anchoring bolts possible close loop system 1,4
FYT-AIR evapotranspiration
plants with short roots
ANS based on planter boxes 72 (saturant) 500-600 20 years 12 Soll mixture no recycled Plastic 50*25*30 Steel frame anchoring bolts possible close loop system 15
Water proof layer
wide range of plants fixing rail
stainless steel securing
Vertiss plus based on planter boxes 32 (dry) - 53 (saturant) 600-700 15years 16 Organc-mineral medium no High Density Expanded Polypropylene 80*60%19 galvanised steel Stainless steel holder not possible open system 2,5
Stainless bolts
wide range of plants
LivePanel based On rockwaol 35.40 (saturant) 550 20 years 9 Rockwool - soll yes Expanded Polypropylene 40*40%5,65 Aluminium profiles anchoring bolts possible close loop system 3
pressed rock wool slabs
plants with short roots clips
Greenwave based on planter boxes 120(saturant) 400 nd 4-6 plants Soil mixture | no l polypropylene (HDPP) 51,5 %60 Steel trail anchoring bolrs possible open system n.d.
wide range of plants Steel brackets
wallflore bused on rackwall 50(saturant) 550 nd. 20 Rockwool yes galvanized steel e epoxy :::’I“’ coating -HDPE | 5 g0%30 Steel vertical trail anchoring belts not possible elose loop system nd.

.35
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Challenges — Design criteria
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Challenges — Design criteria
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Water Consumption Cost Environmental Performance Structural Stability Maintenance
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Low water consumption
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Challenges — Design criteria
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Low water consumption Feasibility
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Challenges — Design criteria
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Water Consumption Cost Environmental Performance Structural Stability Maintenance

SQesi}

Low water consumption Feasibility Less environmental impact
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Challenges — Design criteria
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Water Consumption Cost Environmental Performance Structural Stability Maintenance

SQesi}

Low water consumption Feasibility Less environmental impact Structural Integrity
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Challenges — Design criteria
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2

Water Consumption Cost Environmental Performance Structural Stability Maintenance

Q=R

Low water consumption Feasibility Less environmental impact Structural Integrity Low maintenance
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Challenges — Design criteria
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‘Choosing the living wall system with the least moisture exchange
Using local material and local fabrication technigues.

Using material with low environmental impact.
Using as little as possible energy.

Check the structural stability of the system
Using lightweight but stiff units
Ease of replacing damaged parts.
The accessibility of the system.

Enmlng eErgre; species tﬁ arﬁm ug_ht tnEa nt:lth |

watering demand.

Choosing native evergreen species which is available in

Damascus,
Using plants with a low growth rate,
Using plant that prevents insects,

Using Substrate with a high water capacity.
Low cost durable growing medium,

Using material with low environmental impact,
Light weight growing medium,

sing artificlal growing medium,

Lsing recirculating irrigation system (Close loop Irrigation

system)
Retreating domestic greywater

Using as little material as possible and benefits from the
owverlapping between the units, 5o that the container at

the top irrigates the one underneath it,

Using material with low environmental impact,
Ease of replacing and repairing damaged parts.

Lising as little as possible energy.

g ||

— — JdL

— — 4 L

4 L

How to achieve ?

r—- - — — — —

| Evaluate different WS types
| Evaluate different plant species

| Compare the different growing
mediums.,

Choose local material as the primary
| fabrication material.

Looking into the potential of retreating
| domestic greywater

Design LW5 which has self-standing
| overlapping between its units and using
aclose loop irrigation system

Check the structural performance of the
| system,

Compare the price with the design with
| the systems available in the market,

=



Evaluation of LWSs available in the market

Feasibility

Water consumption

Vegetation

Maintenance

44

Evaluation criteria

Cost per square meter
Amount of material used

lEase of fabrication

Ease of installation
Transportion cost
Life expectancy

Irrigation system
Water consumption
Risk of dehydration
Hydroponic system

Plants per unit
Plant selection
Growing medium

Maintenaning growing medium
Ease of replacing plants

Ease of replacing damaged parts
plant maintenance

Explanation

The price of the LWS system with growing medium
The more materials the system uses the less feasible it is
Is the system easy to be fabricated in Damascus
Does the system require special equipements
The bigger the system is the higher the transportaion cost
Life expectancy of the system as given by the manufacturer
score

Is the system active or passive
the amount of water required to maintain the system in good condition
the risk of dehydration
if the system uses Hydroponic system it is less Feasible
score

The amount of plants per units
Does the system support wide range of species

Is the growing medium artificial or organic
score

The easy of keeping the growing medium in a good condition without the need of detaching the whole unit
The ease of replacing the dead plants without affecting other plants
Accessibility to all the system parts in case of damage
if the system supports a wide range of species, low maintenance plants can be utilised
score

1= fulfills the criteria, 0= neutral, -1 = does not fulfill the criteria total score

= _ “ +~
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S|l 2| & Z & a | 2| = 20 2

Bl 3| el |2|8|3|z]| 3
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Evaluation of Plant species

common name

growth rate
frost tolerant

evergreen

drought tolerant

height

leaf area index

light intensity

Plant Growth Form

Life span

native environment

Water Preference

photo

criteria

common name

frost tolerant

|yruw1h rate |

evergresn

drought tolerant

height

leaf area index

light intensity

Life span

Plant Growth Form

nafive environment

‘Water Preference

photo

asparagus ferm Joseph's coat
Moderate Maderate
narmal normal
-3 o
yes yes
sensifive sensitive
0.3-3m 0.1m
0.6-2m 0.2m
3.5 A.5
semi shaocle bright light
Shrub Shrub
perenicls perennials
Mediterranean trapical
Subtropical
Moderate Maderate
Ipsmoea pes-caprae Hedera helix
goat's foot I English ivy
low Maderate
Fast Fast
4] I -0
yes yes
yas I yes
0.1-0.2 m ol
5-30m I max 2 m
4.5 5-3
Full Sun I Semi-Shade, Full Sunshade
Shrub Shrub, climber
Parennial I Ferennicl
Tropical, Sub-Tropical I Medilerrarean

little:

Mederate

e A Alternanthera ficoidea Mentha piperita Crassula ovata

Peppermint I jode plont I
Moderate e
relatively fast I nermel I
=15 0
yes I ¥es I
sensifive yes
0.3-0.6m I 0.5-1.2m I
0.4-08m 03-1 m
3
Full Sun, sami shade I Semi- Q‘Udo. Full Sun I
Shrub I Shrub I
Ferennicl Perennial
Mediterrcnsan ITmleII Sub-'lrnplenll
high Little
T
i o' . &;
% "
Chioraphyt 4
spider plant oblongleof stonecrop
low low
normal law
] 0
yes yos
yes yes
0.3-0.8 0.5-1.2m
0.3 .04 0.4-0.8 m
3.5 4.5
Semi-Shade Full Sun
Herboceous Shrub
Ferennia| Perennial
Sub-Tropleal M;::ﬁ:;::?"
Little Little

criteria

Maintenance

growth rate

frost tolerant

drought tolerant

leaf area index

light intensity

Plant Growth Form

Life span

nafive environment

Water Preference

photo

Lantana camara L T
Tantana I
low
nermal
. |
yes
yes I
max 1.2 m I
0.3 - 0.6
- |
Semi-Shade, Full Sun
Shrub |
Ferennial
|

Tropical

little

Porfulaca oleracea 1 Ophiopogon jaburan

purshone
low
low
0
yes
yes
0.05- 0.15m
0.2-0.5
Full Sun
Shrubcreeper

annual

Mediterranean

little

White Lilyturf
“ o

“ nermal

[1]
yes
il —
0.1-0.5m
“ 0.1-0.5 m
a5

Semi-Shade, Full Sunshade

II Herboceous
Perennial
“ Mediterranean
Subtropical
|

-
.

Aglaonema 1

Chinese ulrprun

normal
o]

yes

semi-thade, shade
Herboceous
Ferennial
Tropleal

max | m I

Maderate

F ™ M presents the plant species that are suitable
for the context of Damascus

b e

Mentha piperita Prevents beetles, caterpillars, shield insects and whiteflies
Hedra Helix has a high leave index. However, it requires more water than other spe-

cies. Therefore, it will be botted in the bottom part of the living wall system where
the moisture is maximum.

with little to low water consumption.

The rest have low growing rate, drought tolerant, suitable of Full Sun, semi shade



Advantages and disadvantages of different growing medium

Substrate s s

high pore space which means fewer blockage

Good air holding capacity which keep root zone
oxygenated
Expanded clay pebble

Fairly renewable and environment-friendly
Easy to plant and harvest

Sustainable as you can reuse it
Coco coir High water holding capacity

It doesn’t cost much

Light weight and compact

roots embed deeply into the medium and the plants and
medium become one

plastic-based growing media

o
Great water retention
Rockwool
Easy to dispose of

Lightweight
Growstones High water, air capacity
Sustainable

Easy to clean
Very inexpensive
Drains well

Inexpensive

Gravel

Low water holding capacity

Fairly costly

Can cause problem with pumps

Relatively heavy
Hard to find

Problems from salt

Expensive, not re-usable

Need to have a top layer that stays 100% dry, or it

promotes algae growth

Not sustainable and Not organic

Useful for germination only, not as a full growing medium

It's Not Environmentally Friendly

Hard to clean
Not reuse able

Heavy
Low water holding capacity

Growstones is lightweight and can hold up to 30% of it
is volume water.

It is made o recycled glass and it is going to be mixed
with peat which is fossil organic matter




Materialization - Giant Reed

Reed Types:
Flat Reed Oval-oval Half-round
Reed Reed
[ 1 £ O O Q
Flat-Oval Round
Reed Reed
1.168 248 9.4 3.24
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First step: Initail design concept
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First step: Initial design concept
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First step: Initial design concept
cashmere twill pattern

- =05 Tl patrn '__.‘_I_flf ll_f."l__l
; \ . ' IJ _-' ': (11 _I :__ﬁm_l : —
L plain pattern __ l J s : 1 ___.l-LI
- ) J - - "' "‘ - i (10T D [
ey iR
? | | T S
L. T
jit el Einl;
r 0% =N == — e
= L L DR
f ‘ ] D‘V_l"_l E—_| I

o1




First step: Initial design concept

~ -
’ N
N
. N\
Energy (MJ) CO2 Footprint (kg)
200
107
150
100+
5_
H 0- - n : "
Material ~ Manufacture Transport Use Disposal  Eol potential Material  Manufacture  Transport Use Disposal  Eol potential
-100 % Change  +100
) 100 %Change — +100 W stainless steel I 0%
Wstainless steel I 0% :
. “ Aluminum e +108 %
= Aluminum m—— +143 %
mpE — -44 %
WPE - +22 %
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Second step: check the structural performance

1.Find equivalent cross section

Py &

ﬁ ——\  ——» 04

! f

Weft warp
P =P
where p,_ma =>p;=1.03 g/cm3 =1030 Kg/m?
h

m, :the mass per unit rea =0.41 g /cm?

h : the overall thickness of the woven cross section (4mm)

.53

______________________________________________________




Second step: check the structural performance- maximum deformation

Karamba structural analysis

3.70e-03 3.00e-05
4.94e-03 4.01e-05
6.17e-03 5.01e-05
7.40e-03 6.01e-

V
Giant Reed Giant Reed
radius: 15 cm radius: 15 cm
depth: 25 cm depth: 25 cm

Maximum deformation is
Hexagonal basket with 30cm diameter = 1.55*10-4 cm

Rectangular basket with same capacity = 2.22*10-2 cm

o4




Second step: check the structural performance- maximum deformation

4.21e-05
8.43e-05

7.02e-05
1.40e-04

1.26e-04 2.11e-04
1.69e-04 2.81e-04
2.11e-04 3.51e-04
2.53e-04 4.21e-04
2.95e-04 4.92e-04
| 3.37e-04 | | 5.62e-04 |
| 3.79e-04 | [ 6.32e-04 |
[ 4.27e-04 | [ 7.07e-04 ]
[ e
[ 5.00e 04| [ 845 04|
[ 5.48e-04 [ [ 0.73c 04 |
[ 5.90e-04 [ [ 9.83e-04 |
[ 6.32e04 | [ 1.05e-03 |
V-VV-/
polypropylene :
Price: 1.35 USD/Kg Giant Reed

thickness: 0.4 cm radius: 22.5 cm

depth: 25 cm

Maximum deformation is
Giant reed hexagonal basket with 45cm diameter =1.12 *10-3 cm

Polypropylene reed hexagonal basket with 45cm diameter =2.22*10-2 cm

.95




Second step: check the structural performance- maximum deformation

\

. 7 D —
y’ % Ciantraad Giant reed hexagonal basket with 45cm

2. Radius =22.5cm diameter =1.12 *10-3 cm

. L e, Polypropylene Polypropylene reed hexagonal basket with 45cm
' & ,% Radius =22.5cm diameter = 2.22%10-2 cm
Giant reed
Radius =15 cm Hexagonal basket with 30cm diameter = 1.55%10-4 cm

Giant reed
Radius = 15 cm Rectangular basket with same capacity = 2.22%10-2 cm




Second step: check the structural performance — weight of the system per square meter

Weight per square meter is approximately 20 Kg/m2, which is equal to
0.196 kn/m2

The residential buildings in Damascus are designed and constructed to
hold 1700 kg/m2= 16.66 Kn/m2 with a 1.5 safety factor for the dead
load.

in reality, the structure can hold up to 24.99 Kn/m?2.

o7




Third step: Irrigation system

1280 cm

L [

960 cm

This system mainly consists of a water tank to store water at the X
top of the building, a timer, Irrigation tubes, a drainage channel at 640 cm
the lowest module to collect excess water, and a pump to return '
the water to the tank.

)

320 cm

00:0

water drainage

.58 water supply




Third step: Irrigation system

Bathroom Room

On an average, a family with four members consumes 50 L/day per SR
person, from which 15 L/day per person is greywater. WATER ~ =mp
= each family produces 60 L of greywater per day. That is enough to

irrigate 28 square meters of LWS.

¥ Lwhire
WATER

—
TH TS

GREY WATER ¥

Water treating system costs on average 2000S which

considered to be relatively high.  rechnical
. . . TREATED room
However, this will be paid back from the money saved from the WATERJ
water bill over time. Z ‘,mm, BLACK WATER
(sew erage)
»_
Grey water Treatment system
.59



Living Wall system maintenance consideration

Before installation

1. The plant species are chosen to be suitable for the climatic condition and have low
maintenance and growth rate.

2. The system is designed to replace any damaged parts without the need to remove the
whole system.

3. Improving the durability of the woven reed basket by following these steps:

e Treating the reed fibers before weaving against potential insects using a mixture of
boric acid minerals.

 Sealing the woven basket with a polyurethane finishing product. That adds extra
protection against moisture and dirt.

e Adding a plastic layer at the bottom of each basket to ensure that water will not accumulate.
e Placing burlap bag inside the basket before adding the substrate mixture.

After installation

1. Check that there is no water collection buildup as a result of clogged drainage.
2. Check the plants for diseases, damaged leaf or any dead foliage
3. Check the system for any damaged parts.

.60
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Final Design

vAv LMgQVg Says!tgw

* The average price of the potting containers is between 116 to 139 euros per square meter, while the price of woven baskets is 65 euros per square meter.
*  When comparing the material used regularly in LWS with Mosaic living wall system, It can be clearly seen that the environmental is less.

* The saturant weight of Mosaic is 20 kg per square meter which is also less than other LWSs .
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Assembly Sequence

.63

/ Mosaic
/\X vAv Living Wall System
// -
1. Removing the existing
facade cladding

2 Placing waterproof layer

3. Installing the vertical profiles
on the structure

4. Fixing the horizontal profiles

5. installing the irrigation system
& the gutters

6. Hanging the bottom LW panel
The top baskets have steel frame

7. Hanging the second LW panel

7. Hanging the third LW panel
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Evaluation of the urban canyon




Evaluation of the urban canyon

Baghdad Ave

Orientation

urban canyon width

Urban canyon height

Buildings

Aspect ratio H/W

E-W with 10 degree in a
clockwise direction from
the north line

30m

13m

Detached

0.43




Evaluation Simulation setup

.67

Characteristic of the road, pavement,wall and roof for the studied area

Surface Exterior wall Roof Road Pavemnet
Material Limestone | concrete| asphalt | grey concrete
Albedo 0.45 0.3 0.2 0.5
Emissivity 0.93 0.9 0.9 0.9
Absorption 0.7 0.7 0.8 0.6
Density (Kg/m~3) 2711 2400 2322 2400
Specific heat J (Kg/k) 800 879 900 879
Thermal conductivity (w/mk) 1.26 0.8 0.75 0.8

[URR -

Simulation duration
Starting time

End time

Wind speed

Wind direction

Forcing

Max. temperature
Min . Temperature
Simulation period

24h

7:00am- 23/06/2018
6:59am- 24/06/2018
1m/s

192 degree with the
north direction (south-
southwest )

Simple forcing

34 degree

20 degree

Typical summer day




Evaluation scenarios

Scenario .1
With LWS on south facade
the green coverage
percentage is 45%

i i i ; Scenario .2
simulate potential air temperature (T), wind Wi e
speed (W speed), mean radiant temperature (T north facades

. . 1. the green coverage
mrt), and relative humidity (Q.rel) for four percentage is 90%

different scenarios
and then compare them with the base case.

Scenario .3
High albedo material for
the pavements and roads

Scenario .4
combined scenario of LWS
and HAM for roads and
pavements

.68



Results and discussion- Potential Air Temperature (T -

RECEPTOR 1- AIR TEMPERATURE RECEPTOR 2 - AIR TEMPERATURE RECEPTOR 3 - AIR TEMPERATURE

B

3167
31.33
3138
3138
3162
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30.69
30.69
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« g 8 = g _ = % =
= ~ & < 5 < -
(] - "oas voas
- ~ m
-4 o o
7 7 )
= = %
10,0001 22.00.01 10.00.01 0.01 22.00.01 E 200001
HOUR HOUR HOUR
Base case Scenario .1 M Scenario.2 M Scenario.3 M Scenario .4 Base case Scenario.1 M Scenario.2 M Scenario.3 M Scenario .4 Base case Scenario.1 M Scenario.2 M Scenario.3 M Scenario.d

Potential Air Temperature for the base case and four different scenarios at R1,R2 and R3
* it has been found that during the daytime, a significant reduction in the potential air temperature is recorded with the use of High albedo materials for the road
and pavements in scenarios 3 and 4 (1.24 - 1.27 °C respectively compared to the base case).
*  Whereas the use of LWS in scenarios 1 and 2 causes a slight increase in the air temperature at R1, R2.
While during the night, all the scenarios have a cooling impact. Scenario 2 has the highest cooling effect because of evapotranspiration (between 0.25 - 0.5°C at R1 &
between 0.35 - 0.5°C at R2).
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Results and discussion- Potential Air Temperature (T - °C)

Nighttime is a crucial period for air conditioning in the residential areas in Damascus. According to a study on the effect of urban greening and night cooling on energy
consumption in Cairo, it has been found that in an east-west oriented urban canyon, reducing air temperature by 0.1°C reduces the cooling energy consumption by
0.5%. This is equal to 0.68 kWh daily and 81 kWh during the summer period for each building.

When comparing these results with the result for Damascus, especially that both have approximately the same climatic and urban characteristics, It can be found that a
reduction of 0.3°C to 0.5°C could help reduce cooling energy consumption by 1.5% to 2.5%. This is equal to 122.4 to 204 kWh and 955 to 1505 yearly.

This saving is significant when calculating it for the whole urban canyon, in addition to that the LWS’S thermal insulation and shading effect.

.70



Results and discussion- Mean radiant temperature (Tmrt - °C)

R2-TMRT (C)

RECEPTOR 2 - MEAN RADIANT TEMPERATURE
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Results and discussion- Mean radiant temperature (Tmrt - °C)

Mean radiant temperature for the base case and four different scenarios at R1,R2 and R3
Tmrt has a substantial impact on the PET index. Thus, it has a strong influence on the occupant’s thermal comfort. The evaluation results show that the use of LWS help
in reducing Tmrt at R1 and R2 during the daytime. This is the period where people spend their time outdoor.

The highest reduction is achieved using LWS on both facades in scenario 2 (0.7 °C). However, LWS has a negligible impact on Tmrt at R3. Conversely, the use of high
reflectance materials for the pavement and road as in scenarios 3 and 4 increases the mean radiant temperature, leading to the increase in the reflected radiation and
consequently increases the risk of reducing the outdoor thermal comfort at the street level.
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Results and discussion- Relative humidity (%)
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Results and discussion- Wind speed (W speed — m/s)

RECEPTOR 1 - WIND SPEED RECEPTOR 2 - WIND SPEED
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Results and discussion- physiological equivalent temperature (PET - °C)

Physiological Equivalent Temperature (PET) Physiological Equivalent Temperature (PET) Physiological Equivalent Temperature (PET)
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Results and discussion- physiological equivalent temperature (PET - °C)

Considering the average PET during the Day, scenario 2 is the most effective. However, the impact is limited to the microclimate around the vegetation and
reduces with the distance from the wall. Moreover, this cooling impact is not enough to achieve outdoor thermal comfort levels. Especially that the sun is
the main source of heat, and there is a limited shading effect in the canyon.
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Conclusion

“How to design a Living Wall System that can be integrated into the built environment Of Damascus and how efficient is
the proposed design as an Urban Heat Island mitigation strategy? “

AT



Conclusion

(8

Select drought-tolerant plants, suitable for Full Sun, semi-shade with little water consumption and low growth rate.
Feasible artificial substrate with low weight and high water capacity. This can be achieved by mixing Growstones with peat.
Using local material and fabrication technics. Giant reed is a good material for LWS

Use self-standing hexagonal units. Because they are stable and have minimum deflection. Moreover, LWSs with hexagonal units are flexible, can adapt
to different facade typologies, and have minimum deflection when creating them from woven reed fibers.

Use a recirculating irrigation system and greywater treatment system to achieve low water consumption while ensuring the LWS is in good condition

Maintain the LWS to check if anything is broken or damaged to increase the life expectancy of the LWS and benefit the most from it.



Conclusion

* The higher the green coverage percentage, the more elevated the cooling impact of the LWS regardless the orientation of it.

*  With 90% green coverage, a maximum reduction of 0.5°Cin T is achieved at night. This reduction could help reducing cooling energy consumption by
1,5 % to 2,5 % for each building = 122.4 to 204 kWh = 95$ to 1505$ yearly. This saving is significant when calculating for the whole urban canyon.

*  90% green coverage caused a maximum reduction of 0.7°C in T mrt during the day. This helps to improve outdoor thermal comfort during the daytime,
which is the period people spend their time outdoors.

* 90% green coverage increases q rel by 1.67% compared to the base case, and the higher the relative humidity, the less the UHl is.
*  90% LWS helps in reducing PET values (between 0.3 -0.5°C compared to the base case) and improves outdoor thermal comfort.

* However, the cooling effect is limited to the air layer around the LWS and reduces with the increase in distance from the wall, and it has no impact on the
local climate in the middle of the shallow urban canyon.

*  90% green coverage means 1500 mA2 of LWS, 2982 L of water each irrigating time, around 24000$ for greywater treatment systems, in addition to the
cost of the LWS. When comparing these values with the cooling impact achieved, it can be concluded that LWS is not a feasible strategy to be applied in
Urban canyons with the same characteristics as the studied. Therefore, it is wise to implement other strategies next to LWS for future work, such as green
roofs and urban trees, which provide more shading. Then investigate the efficiency of these strategies. It is also essential to look into the energy
performance of the buildings by taking into account the shading and insulation effect of LWS.
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EnergyPlus

Simulation The impact of LWS on indoor
climate and energy

consumption

Experimental testing
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Further Research

Ov
Ov

EnergyPlus

Experimental testing
testing for giant reed
specimens from Damascus is
also needed.

Simulation different Investigate the impact of LWS
urban canyon with other on indoor climate and energy
mitigation strategy consumption
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Challenges — Design criteria

Less environmental impact

Low water consumption Feasibility
. r - - - - - - — — — — /1
™ Choosing the living wall system with the least | L s loeal material o ocal fabrication techmiaues
ocsing the living wall system wi eleas Using local material and local fabrication technigues | |
moisture exchange with the surrounding environment.
L - - e o e T T L — — — - - - - - - - - U | |
L r Choosing evergreen species that are drought L ‘P r Choosing native evergreen species which isawrailable-I ‘P
P L tolerant with low watering demand. N L ﬂDTaSESTrkﬂ_' 1 Using material with low environmental impact.
F========= = =7 r-==========3 o |
Using Substrate with high water capacity. Low cost durable growing medium. | Using as little as possible energy. |
e e ] L - — (—— — — — — = = = 4
— = = = = — — — — — — q Wre - - — — — — — — — =1 b |
Using recirculating irrigation system (Close loop Using as little material as possible and taking an
Irrigation system) J I advantage of the overlapping between the units I A |
Retreating domestic grey water so that the container at the top irrigates the one ‘
| “ I underneath it. I | |
N L U | 6 _ o o _ .
Structural Integrity Low maintenance
r Check the structural stability of the system. L r Ease of replacing damaged parts. L
L Using lightweight but stiff units. N L The accessibility of the system. ]
I r—-— - - - - — — =7 7 71 r— - — — — — — — 7 7 7 7
X Using plants with a low growth rate.
L N L Using plant that prevents insects. N
r—-— - - - - - - =7 7 71 r— - — — — — — — — — — 17
Using artificial growing medium.
L d L . — ]
wif T A r— - - - — — — — — — — 5
| Ease of replacing and repairing damage parts.
- L — —  — _ _ _ _ _ _ _ 1
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Second step: check the structural performance

De-0f

3.70e-03 3.00e-05

4.94e-03 4.01e-05
6.17e-03 5.01e-05
7.40e-03 6.01e-

| 8.64e-03 |

V
Giant Reed Giant Reed
radius: 15 cm radius: 15 cm
depth: 25 cm depth: 25 cm

Maximum deformation is
Hexagonal basket with 30cm diameter = 1.55*10-4 cm

Rectangular basket with same capacity = 2.22*10-2 cm
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Second step: check the structural performance

8.43e-05
1.26e-04

1.40e-04
2.11e-04
2.81e-04
3.51e-04

1.69e-04
2.11e-04

| 3.37e-04 | | 5.62e-04 |
| 3.79e-04 | [ 6.32e-04 |
[ 4.27e-04 | [ 7.07e-04 ]
[ e
[ 5.00e 04| [ 845 04|
[ 5.48e-04 [ [ 0.73c 04 |
[ 5.90e-04 [ [ 9.83e-04 |
[ 6.32e04 | [ 1.05e-03 |
polypropylene :
Price: 1.35 USD/Kg Giant Reed

thickness: 0.4 cm radius: 22.5 cm

depth: 25 cm

Maximum deformation is
Giant reed hexagonal basket with 45cm diameter =1.12 *10-3 cm

Polypropylene reed hexagonal basket with 45cm diameter =2.22*10-2 cm

.86




The sixth step: Final design




