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Energy used for space cooling

Air conditioning accounts for approximately
70% of the UAE's total electricity

consumption during peak summer months.

Building specifics: within individual
buildings, cooling systems typically
represent 80% to 85% of total energy
consumption.
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Why Passive Design Matters

e Buildings in UAE rely heavily on mechanical cooling
e Cooling can represent 60-70% of building energy use
® Passive design reduces cooling loads

® Improves building resilience
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Source: CBE Clima Tool (https://clima.cbe.berkeley.edu/explorer)
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Analysis Tool
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* Internal gains shift comfort to lower temperatures e e
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*  Mass cooling reduces temperature peaks = ;
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Variation Of Soil Temperature

Soil Temperature {deg. C)
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Soil Temperature variation at various depths over a year

a. The soil temperature of earth along with depth of ground varies with ambient temperature.

b. This temperature is found to be approximately 25.2 C beyond 4 m up to a depth of 20 m in UAE.

2000
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Vernacular Inspiration

Traditional architecture used passive cooling systems
like:

e Thick walls
e Courtyards

e \Wind towers
e Solar Chimneys
e Farth Air Tunnels




Earth-air Tunnel (EAT)

Main Conditions, Design & Operational Parameters
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- Pipe cost and availability
- Land area required for

temperature
shape

- Composition of backfilling
material in the vicinity of
buried pipes

- Excavation work and cost

Rty gl g

and the inner surface of

> e borsed pipe Saturation length

v

w

. . S oil Pl | I Hfiat by Themal insulation =
. e e T B e T I = = 1 i
| . PI p e | e n gt h . 3 O_é O | I I 1 - Undisturbed soil temperature | 5 e conduction at outlet of pipe =
| - Thermal conductivity / thermal | l Heat by conduction between Heat by conduction =
L. 1 diffusivity 1 the outer surface of the pipe  between the inner <
( FO racon d ition ed area Of 2 O 0_3 OO Sq m ) | - Specific heat / heat storage ! and the surrounding soil and the outer . P_IP_e_S_ ________ : =
| capacity | +— —> surfaces of the pipe - Pipe-layout
I - Moisture content [l \ > TT = Piveclensht .
. P . . . 2 4 m | - Degree of thermal saturation : i s
I . I p e ra I u S . . - . 1 - Soil mineral composilion | 4 3 Condensation | | : ﬁzzi‘ixg;el(\iigﬂml ine
: - Density and compaction level : O LN (latent heat) » OO § aciﬁ } R
.o . . 1= Void ratio and porosity : \. 1 - Ppi'pc digamctcr and pipe
i. Air Velocity - 1.5 - 2.5 m/s o S e
1= Particle size, grading and : between the flowing air EATI'IE
] i
] i
] 1
] i
] i
] i

iii. Burial depth- 3-4 m
iv. Pipe’s material- PVC S

| I
| I
| I
| I
| I
| 1
I i
| i
| I . N
v | cross-sectional shape i Undisturbed soil
| 1
| 1
| I
! I
! i
I I
| I
| I
! I

Schematic of EATHE system: main conditions, design and operation parameters
that can affect the thermal performance of the system.

Sources: Mihalakakou, G., Lewis, J. O., & Santamouris, M. (1996), Sawhney, R. L., & Mahajan, ,
U. (1994), Bansal, V., Misra, R., Agrawal, G. D., & Mathur, J. (2009), Badescu, V. (2007) Adapted from (Soares, Rosa, Monteiro, & Costa, 2021)



Solar Chimney Integrated EAT

Main Conditions, Design & Operational Parameters

S ; . .
[ | | = Height & Croas Section of the Solar Chimney
£ - Air gap dopth '

Solar Chimney

Solar collector
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a. Absorbersurface: 20 -25sgm
(For a conditioned area of 200-300sq m) s [
o ct air l'
a. Absorptivity : 0.8 : [ |
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b. Absorber wall orientation : South

Schematic Section of Solar Chimney integrated EATHE system: Primary design
and operational parameters that can influence the system's thermal

performance

Sources: Li, H., Yu, Y., Niu, F., Shafik, M., & Chen, B. (2014)



Wind Tower Integrated EAT

Main Conditions, Design & Operational Parameters

— Inlet :!irl Wind Tower
s ﬁllfbij-? = Height & Cross Section of the Wind Tower
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b. Wind Tower cross section -: 1-2.25sgm '
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P
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Schematic of Wind tower integrated EATHE system : Primary design and
operational parameters that can influence the system's thermal performance
Sources: Benhammou, M., Draoui, B., Zerrouki, M., & Marif, Y. (2015)



Vertical Earth Air Tunnel

Main Conditions, Design & Operational Parameters

Fresh air
Zhang, Sun, Zhang, Jia, & Liu (2021), proposes a new type 1
of VEAHE system and develops its mathematical model.
Compared with the traditional EAHE system, the P N—
advantage of this system is that it increases the Ground e
applicability of popularization and application in high- Insulation layery 1 = V7
density building areas. Vmmegl |l4d
M_/E/ ;
Soil ; ; 5
: :l mm
i. Pipe Length - 30-50 m : f187.5mm
Condensate collection device eae L
ii. Pipe diameter - 150-250 mm T ==k
iii. Airvelocity - 2-3 m/s. g0

(A single shaft's air supply volume can range from 500

to 1200 m3/h)
Schematic Section of VEATHE

Sources: Zhang, Sun, Zhang, Jia, & Liu (2021),
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\What would most accelerate the adoption of passive cooling systems in the UAE?

Incentives for low-energy buildings

More demonstration projects

Greater awareness among developers

Strongly disagree Strongly agree



Summer Solstice
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Section through the Wind tower and Earth Air Tunnel Heat Exchanger




Proposed System

Solar Solar
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Tower = | || Chimney ) ] )
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Schematic Part Plan

Vertical
EATHE

Schematic Section



Summer Performance (Temperature)
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Section BB’ GF Part Plan

Case 1

Pipe Length: 30m

Pipe Radius: 0.15m

Air Velocity: 1m/s
At:18.68°C

( At = Wind Tower Inlet - EATHE Outlet)
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Section BB’ GF Part Plan

Case 3

Pipe Length: 30m
Pipe Radius: 0.35m
Air Velocity: 1m/s

At:20.90 °C
( At=Wind Tower Inlet - EATHE Outlet)

Section BB’

GF Part Plan

Case 5

Pipe Length: 45m
Pipe Radius: 0.25m
Air Velocity: 1m/s

At:20.54°C
( At=Wind Tower Inlet - EATHE Outlet)
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Section BB’ GF Part Plan

Case 2

Pipe Length: 30m
Pipe Radius: 0.25m
Air Velocity: 1m/s

At:19.74°C
( At=Wind Tower Inlet - EATHE Outlet)

Section BB’ GF Part Plan

Case 4

Pipe Length: 45m
Pipe Radius: 0.15m
Air Velocity: 1m/s

At:20.18°C
( At =Wind Tower Inlet - EATHE Outlet)

GF Part Plan

Section BB'

Case 6

Pipe Length: 45m
Pipe Radius: 0.35m
Air Velocity: 1m/s

At:21.90°C
( At =Wind Tower Inlet - EATHE Outlet)

Section AA'

i @

Case7

Pipe Length: 30m
Pipe Radius: 0.15m
Air Velocity: 2m/s
At:20.36 °C

( At = Wind Tower Inlet - EATHE Outlet)
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Section BB’

Case 9

Pipe Length: 30m
Pipe Radius: 0.35m
Air Velocity: 2m/s

At:22.58°C
(At =Wind Tower Inlet - EATHE Outlet)

Section BB’

GF Part Plan

Case 11

Pipe Length: 45m
Pipe Radius: 0.25m
Air Velocity: 2m/s

At:22.22°C
(At =Wind Tower Inlet - EATHE Outlet)
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Section BB’ GF Part Plan

Case 8

Pipe Length: 30m
Pipe Radius: 0.25m
Air Velocity: 2m/s

At:21.42°C
( At =Wind Tower Inlet - EATHE Outlet)

Section BB’

Case 10

Pipe Length: 45m
Pipe Radius: 0.15m
Air Velocity: 2m/s

At:21.86 °C
(At =Wind Tower Inlet - EATHE Outlet)

Section BB’

GF Part Plan

Case 12

Pipe Length: 45m
Pipe Radius: 0.35m
Air Velocity: 2m/s

At:23.68°C
(At =Wind Tower Inlet - EATHE Outlet)




Winter Perf
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Section AA’
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Section BB’ GF Part Plan

Case 13

Pipe Length: 30m

Pipe Radius: 0.35m

Air Velocity: Tm/s
At:14.12°C

( At = EATHE Outlet - Wind Tower Inlet )

Section BB' GF Part Plan

Case 18

Pipe Length: 45m
Pipe Radius: 0.35m
Air Velocity: Tm/s

At:15.10°C
( At = EATHE Outlet - Wind Tower Inlet)

Section BB"

GF Part Plan

Case 20

Pipe Length: 30m
Pipe Radius: 0.25m
Air Velocity: 2m/s

At:1252°C
(At= EATHE Outlet - Wind Tower Inlet)

Section AA’

Case 17

Pipe Length: 45m
Pipe Radius: 0.25m
Air Velocity: Tm/s

At:13.74°C
( At = EATHE Outlet - Wind Tower Inlet )

GF Part Plan

Section BB"

GF Part Plan

Case 19

Pipe Length: 30m
Pipe Radius: 0.15m
Air Velocity: 2m/s
At:11.46°C

( At = EATHE Outlet - Wind Tower Inlet)

Section BB" GF PartPlan

Case 22

Pipe Length: 45m
Pipe Radius: 0.15m
Air Velocity: 2m/s

AL:12.96°C
(At=EATHE Outlet - Wind Tower Inlet)




Summer Performance (Temperature)

Temperature
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i Case8

i Pipe Length: 30m

i Pipe Radius: 0.25m
i AirVelocity: 2m/s

i At:2142°C

T e e T T THR TR N DSR tee e mem e e e T ST R O SR S e § ( At = Wind Tower Inlet - EATHE Outlet)

Best Summer case - Temperature Distribution Simulation



Winter Performance (Temperature)

Temperature
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Section BB’ GF Part Plan

Temperature Varlation
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TEMPERATURE {'C )

i Case 20

i Pipe Length: 30m

i Pipe Radius: 0.25m

i Air Velocity: 2m/s

wwwwwww { At:1252°C i
3 e s e i (At=Wind Tower Inlet - EATHE Outlet) i

Best Winter case - Temperature Distribution Simulation



Benefits of Integrated Passive
Design

e Reduced cooling energy demand
® Improved thermal comfort
® Reduced carbon emissions

® Improved resilience




“In a region where
cooling dominates
building energy
consumption, every
degree of passive
temperature
reduction matters”




Questions
&
Discussion

Aniket Naik
Sustainability Consultant

Energy Management Services - Emirates

aniket@ems-int.com
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