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UHI in summer night 

The intensity of UHI in Damascus is greater than most American and 

Turkish cities. It is even higher than the UHI effect in Riyad

(Al-Bakheet, 2017) 



Increase vegetated spaces 

VGS

Living Wall System

(LWS)

High-density city  
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Due to different factors such as the complexity, 

technical difficulties , feasibility ..etc.

Implementation is limited 

Has not been widely studied 

The efficiency of LWS in mitigating the UHI 

Why ? Problem statement 
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“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 question 



.8

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. 

Main objective

Research objective & sub 

objectives/ questions
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Phase 1 



Two types of heat island: the surface heat island 

the atmosphere heat island
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Atmospheric heat island is also classified into layers:

• Urban Canopy layer (UCL)

• Urban Boundary Layer (UBL)

(Gorse et al., 2019)

Urban Heat Island – UHI



Urban environment of  Damascus , from left to right 

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

(meteoblue,2020)
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Urban Heat Island in Damascus- Key causes -

(weather atlas, n.d.)
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Urban Heat Island in Damascus- Key causes -

(topographic-map.com, n.d.)
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Urban Heat Island in Damascus- Key causes -

( Pinterest, 2018)
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Urban Heat Island in Damascus- Key causes -
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Urban Heat Island – Damascus 

(Al-Bakheet, 2017) 



Living Wall System as mitigation 

strategy 
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Vertical Greenery System Comparison between Vertical Greenery System

Living Wall System as a cooling strategy 

(Wegemans,2016) 
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Cooling mechanism of LWS

Living Wall System as a cooling strategy 
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Supporting system Plant selection Growing media Irrigation system Drainage 

Living Wall System – System requirements -
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Living Wall System – System requirements -

Vertical and 

horizontal 

structural 

elements

Evergreen 

native plants



.34

Living wall system 

based on planter boxes

The life expectancy of this 

system is over 15 years

Living wall system

based on panels

The life expectancy of this 

system is over 10 years

Living Wall System

based on felt pockets

The life expectancy of this 

system is over 10 years

Modulogreen

ANS living walls Greenwave

LivePanel
Vertiss green wall 

Flexipanel

Wallflore Fytotextile

Living Wall System – Types of LWS -
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Living Wall System – Types of LWS -



Design Integration
Phase 2 
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Challenges – Design criteria 
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Challenges – Design criteria 

Low water consumption Feasibility Less environmental impact Structural Integrity Low maintenance
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Challenges – Design criteria 
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Evaluation of LWSs available in the market 
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Evaluation of Plant species 
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Substrate pro’s con’s

Expanded clay pebble

high pore space which means fewer blockage Low water holding capacity

Good air holding capacity which keep root zone 

oxygenated

Fairly costly 

Fairly renewable and environment-friendly Can cause problem with pumps 

Easy to plant and harvest Relatively heavy 

Coco coir

Sustainable as you can reuse it Hard to find

High water holding capacity Problems from salt

It doesn’t cost much

Light weight and compact

plastic-based growing media

roots embed deeply into the medium and the plants and 

medium become one

Expensive, not re-usable

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

promotes algae growth

Oasis Cubes

Inexpensive
Not sustainable and Not organic

No pre-soaking Useful for germination only, not as a full growing medium

Rockwool

Great water retention It’s Not Environmentally Friendly

Easy to dispose of

Growstones

Lightweight Hard to clean

High water, air capacity Not reuse able 

Sustainable

Gravel

Easy to clean Heavy

Very inexpensive Low water holding capacity

Drains well

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

Advantages and disadvantages of different growing medium 
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Mechanical 

properties 

Density

[g/cm3]

Tensile 

strength

[MPa]

Young’s 

modulus

[GPa]

Elongation at 

break [%]

Giant reed 

fibre 

1.168 248 9.4 3.24

Materialization - Giant Reed

(textiLeindie, n.d.) (Barreca et al., 2019)
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First step: Initail design concept 
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First step: Initial design concept 
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Weft warp

1.Find equivalent cross section 

𝒑 = 𝒑𝟏

where 𝒑𝟏= 𝒎𝒂
𝒉

=> 𝒑𝟏 = 𝟏. 𝟎𝟑 Τ𝒈 𝒄𝒎𝟑 = 𝟏𝟎𝟑𝟎 𝑲𝒈/𝒎𝟑

𝒎𝒂 : the mass per unit rea = 0.41 g /cm2

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

Second step: check the structural performance 
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Karamba structural analysis 

Maximum deformation is

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

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

Second step: check the structural performance- maximum deformation 
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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

Second step: check the structural performance- maximum deformation 
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Second step: check the structural performance- maximum deformation 

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

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

Giant reed hexagonal basket with 45cm

diameter  = 1.12 *10-3 cm 

Polypropylene reed hexagonal basket with 45cm 

diameter = 2.22*10-2 cm
1.

2.

3.

4.



.57

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/m2.



Third step: Irrigation system

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

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

irrigate 28 square meters of LWS.

Water treating system costs on average 2000$ which 
considered to be relatively high.
However, this will be paid back from the money saved from the 
water bill over time.

Third step: Irrigation system

Aliaxis.com.59
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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:
• 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.
• Adding a plastic layer at the bottom of each basket to ensure that water will not accumulate.
• 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.



Final Design
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Final Design

• 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
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Evaluation
Phase 3 
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Evaluation of the urban canyon 
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Evaluation of the urban canyon 
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Boundary conditions  Input 

Simulation duration 24h 

Starting time 7:00am- 23/06/2018

End time 6:59am- 24/06/2018

Wind speed 1m/s

Wind direction 192 degree with the 

north direction (south-

southwest )

Forcing Simple forcing 

Max. temperature 34 degree 

Min . Temperature 20 degree 

Simulation period Typical summer day 

Evaluation Simulation setup



Evaluation scenarios
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simulate potential air temperature (T), wind 
speed (W speed), mean radiant temperature (T 
mrt), and relative humidity (Q.rel) for four 
different scenarios
and then compare them with the base case.
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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 0.29 - 0.5°C at R1 & 
between 0.35 - 0.5°C at R2).

Results and discussion- Potential Air Temperature (T - °C) 
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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 95$ to 150$ 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.

Results and discussion- Potential Air Temperature (T - °C) 



Results and discussion- Mean radiant temperature (Tmrt - °C) 
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Mean radiant temperature for the base case and four different scenarios at R1,R2 and R3



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



Results and discussion- Relative humidity (%)
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Relative humidity for the base case and four different scenarios at R1,R2 and R3



Results and discussion- Wind speed (W speed – m/s)
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Wind speed for the base case and four different scenarios at R1,R2 and R3
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PET for the base case and four different scenarios at R1,R2 and R3

Results and discussion- physiological equivalent temperature (PET - °C) 
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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? “
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• 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 façade 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.

“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? “

Conclusion
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• 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°C in 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 150$ 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 UHI 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 m^2 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.

“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? “

Conclusion
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Simulation

Limitation

The impact of LWS on indoor 
climate and energy 

consumption

Experimental testing
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Simulation different 
urban canyon  with other 

mitigation strategy

Further Research

Investigate the impact of LWS 
on indoor climate and energy 

consumption

Experimental testing
testing for giant reed

specimens from Damascus is 
also needed.
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Thank you 
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Challenges – Design criteria 

Low water consumption Feasibility Less environmental impact

Structural Integrity Low maintenance
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Maximum deformation is

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

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

Second step: check the structural performance 
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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

Second step: check the structural performance 



The sixth step: Final design


