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Research problem

High energy consumption

* The energy for space cooling is
tripling between 1990 and 2016
(IEA, 2018).

« Over 50% of the building’s
energy consumption is used for
cooling purposes. (A. Katili, 2015)
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Research problem

High energy consumption

=

. Intense radiation Intense radiation High air temperature High relative humidity

- High air temperature 24-31°C 60-93%
« High relative humidity
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Research problem

High energy consumption > Fully glazed high rises — Tropical climates
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Can a passive high rise building be the solutione
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Research problem

High energy consumption = Fully glazed high rises > Tropical climates
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How can a purely passive office building be achieved in a tropical climate ensuring
the indoor thermal comfori?

Fatima El Hadji \Ké% 7



(®) Research question

How can a purely passive office building be achieved in a tropical climate ensuring

the indoor thermal comfort?e

@) Objectives

» Investigate the possibility of the design of a purely passive building in tfropical climate

« Investigate to what extent it is possible to achieve a low energy building.

®) Sub-questions

Fatima El Hadji

Whog have been done in bioclimatic architecture to solve hot and humid climate issue in passive
waye

What are the applicable passive building strategies in a hot and humid climate?

\C/j\/hcx’r is ;rjhg most optimized combination of passive envelope strategies in order to reduce the cooling
emandss

What is the effect of the envelope design parameters on the cooling consumption?

What is the effect of the combination of envelope parameters and indoor comfort parameters on the
cooling consumptione
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Methodology

Question?

Research
for design

Research
@ through
design
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How can a purely passive office building be achievedin a
tropical climate ensuring the indoor thermal comfort?

Climate design Facade design

Indoor thermal comfort
Bioclimatic architecture
Passive cooling strategies

J
Tropical climate conditions

Passive cooling strategies

1 i
1 1
1 1
v v

Heat dissipation Heat prevention

Energy simulation

Computational Energy & comfort
model performance
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o d %

Compuvutational
design

Energy performance
Indoor air quality performance

Optimization

Optimization
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Methodology

Climate design
J

Tropical climate conditions
Indoor thermal comfort
Bioclimatic architecture

Passive cooling strategies
|
W
Heat dissipation

Facade design

Passive cooling strategies
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Heat prevention
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Computational
design

Energy performance
Indoor air quality performance
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Methodology: Research for design

Climate design Facade design Computaiional
design

Zero Energy Buildings in Tropical climates
Bioclimatic architecture
Passive cooling strategies
Adaptive thermal comfort
Building performance simulation

Building performance optimization
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Methodology: Research for design

Zero Energy Buildings in Tropical climates

R //

Out of 332 Zero Energy Buildings (ZEB) globally, only three ZEBs are built in the tropical climate.
(2016 List of Zero NET Energy Buildings, 2019)
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Methodology: Research for design

ZLero Energy Buildings in Tropical climates
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Strategies applied in the three ZEB buildings in Tropical regions.
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Methodology: Research for design
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Site plan
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Bioclimatic architecture
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Envelope
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The bioclimatic approach for the design of a multi-story building in the tropics area is composed by three steps:
the analysis and design of the site plan,
« the design of the envelope

» the interior design.
(Dewi Larasati Zr, 2013)
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Methodology: Research for design

Passive cooling strategies
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Methodology

Research
@ through
design
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Energy simulation

Computational Energy & comfort
model performance

Optimization

Optimization
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Methodology

Research
@ through
design
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: Research through design

Energy simulation

Computational Energy & comfort
model performance
'''' ) ,.
Inputs Outputs

Optimization

Optimization
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Optimization
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\. Methodology: Research through design
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Methodology: Research through design

Outputs

Daylight simulation

Simulation

o &—@

Energy simulation

@
P

Thermal comfort
analysis

80%
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Methodology: Research through design

Opftimization

Variable
" Input ) @
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Methodology: Computational workflow
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Energy simulation Optimization
Computational Energy & comfort Optimization
model performance
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Methodology: Case study

One Raffles Quay

Kohn Pederson Fox Architects
Function: office building
Typical floor area: 1,700 m2

Source: https://www.meinhardf.com.sg/projects/one-raffles-quay

A~
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(®) Methodology: Case study

One Raffles Quay

.....

Va7 7

W/ W 7
i

Facade system:

Unitized aluminium
system with double
glazed low E-solar tinted |

T rh"h

Source: https://www.executivecentre.com/office-space/singapore-one-raffles-quay/

® @
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Methodology: Case study

One Raffles Quay

Corei Zone East

Zone North

Envelope
@ optimization

Envelope and
@ indoor comfort
optimization

Zone South

Zone West
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Computational optimization: Envelope parameters optimization

Geometry HBZone
Geometry |
1st Optimization "
1
Variable Constant .
: 4 Wwr Materials Shading 9
Building shape / ;
Building orientation \/ ;
Window to wall ratio J Envelope 1 i
Glazing properties J properties namis Glazing
Shading system J \ i
'
Shading properties J :
Occupancy density / : \ J
Lighting density / E Load Natural Ventilation
: Schedule
Cooling set-point J Y HVAC
Adaptive comfort acceptance J Indoor
comfort = @ Ly
parameters VI 1 '
@m
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Computational optimization: Envelope parameters optimization

Geometry HBZone
Geometry | |
2nd Optimization "
1
Variable Constant :
: ( Wwr Materials Shading \
Building shape / ;
Building orientation ,/ ; - ‘
(' Window to wall ratio j ) Envelope r y
Glazing properties J properties Glazing
Shading system / \ |
'
Shading properties / :
Occupancy density \/ :
I
Lighting density j ! Load Natural Ventilation
: Schedule
Cooling set-point / Y HVAC
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Results

Screening results

(

Correlation

matrix

Definition of the most
impactful variables

~
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Bubble chart

Definition of the most
impactful values of the
»  most impactful variables

Design selection

Parallel chart

Selection of the optimal
design, after limiting the
ranges of the less impactful
variables
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Resul’rs

1. Generdl )

cooling set point -’ -0.11 }

lighting density -
occupancy density 04344] 0.03 |
depth of shading | .0 18 -0.04
number of shading | -0.33 _ 0.12
shadingtype [ (013 0.18
glazing type 0.03
wwr west [ 007 -0.27
wwreast [ (017 -0.17
warsouth | 004 || 026
wwr north | -0.00 | -0.28
Cooling  Lighting
energy energy

( 2. Envelope

depth of shading

number of shading

shading type

glazing type

wwr west

wwr east

wwr south

wwr north

-018 i -0.04
-0.33 0.12
013 0.18
_ 0.03
| _007_ | -0.27
0.17 -0.17
0.04 -0.26
-0.00 -0.28
Coo-Iing Lighting
energy energy

@
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( 3. Indoor comfort

)

cooling set pomt

lighting density

occupancy density

i

o |

045 iﬂ 0.03 ‘
Cooling  Lighting
energy energy
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Results

Screening results Design selection
; 4 N
Correlajtlon Bubble chart Parallel chart
matrix _ _
o Selection of the optimal
Definition of the most 'Deﬁnltlon of the most design, after limiting the
impactful variables |mpalctfu| values O_f the ranges of the less impactful
------ » | most impactful variables e vatiables
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: North facade
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: East facade
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Results: East facade
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Results: high wwr on east facade

Desi wWwr wWwr WWr WWr glazing shading ‘| dabih occupancy lighting coolingset cooling
&aish north south east west type type (EGUNTES S O density  density point energy
( 170 70% 70% 70% 70% 4 horizontal 2 0.9 0.15 15 24 204\
178 70% 70% 70% 70% 3 vertical 2 0.5 0.15 15 24 202
220 70% 40% 70% 40% 4 horizontal 4 0.5 0.15 15 24 199
\ 67 70% 70% 70% 70% 3 vertical 1 0.9 0.15 15 24 197/
[ 1029 70% 70% 70% 70% 3 horizontal 3 0.9 0.1 3 30 82 \
796 70% 70% 70% 70% 3 horizontal 4 0.5 0.1 3 30 83
\ 8992 70% 70% 70% 70% 3 horizontal 2 0.9 0.1 = 30 84 )
@ i~ A
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Results: Glazing type

259
L ]
%
239 °,
219 [
aw = Glazing type
= g Double coated
|
g = B (sknisa)
£ @
= . . Double coated
51 79 '. -giazing (ST-108)
s L3 (=]
[
% - .. L Double clear
o159 -
2 °® glazing
° @
3 120 .*‘.. . ® -Singlle coated
o () glazing (ST120)
@
LS A .
il el p=~ak==hiabhdnbhanh il dnl]
= 11971 ® n 5 » -Single clear glazing
. ’. % H '
- ° -
T 99 ’ = - . ® = ®
Q.
e, Y
s 2§ | 8 = 11 14 17 20 23 26

I

Lighting energy (kWh/m2/y)

Fatima El Hadji @ @ @ 37



Results: Glazing type
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Glazing type

Double coated
-glazing (SKN154)

Double coated
-glazing (ST-108)

- Double clear
glazing

Single coated
-glazing (ST120)
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Results: shading system
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ResulT;: shading system
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Results: shading depth
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(®) Results: minimum shading depth

Design W
north
1005 70%
1056 70%
654 70%
652 70%
600 70%
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(®) Results: occupancy density

: i
»
£t
| 3, °
. i". o Occupancy density
;' L . R (person/m2)
Y |~ Mo s
. q': o..... . -O—I
1 ".O [ ]
L] ." a L4
LA )
® (] L
J U’ ® g e

#
-
‘$

Fatima El Hadji 43



Results: cooling set point temperature
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‘ Results: cooling set point temperature
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(®) Results: 28°C cooling set point

Desi wwr
esign horth
921 70%
666 70%
1013 70%
953 70%
690 50%
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Results: cooling set point temperature
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(®) Results:

Desi wwr
esign ok
1044 70%
515 70%
798 60%
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Results

Screening results

Correlation
matrix

Definition of the most
impactful variables

Bubble chart

Definition of the most
impactful values of the
»  most impactful variables
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Design selection

( N
Parallel chart

Selection of the optimal
design, after limiting the
ranges of the less impactfull
variables
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Results

WwWT C O wwr WWr [ wWwr (" glazing shading | (number of| | depth of | [occupancy) [ lighting cooling 1 | operative ]( Udli>2000 [ lighting cooling
north l\ south L east west | type type shading Lshading density density J setpoint | | limit | \temperature lux J enel enel
07 2 4 0.9 0.15 15 30 80% 29.1 al1 46 283
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Results

Inpuh
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Outputs

y . —
wwr glazing shading | (number of| | depth of | [occupancy lighting cooling comfort operative ] Udli=2000 lighting cooling
north type type shading shading density density setpoint limit temperature luix ene ene
0.7 0.9 0.15 15 30 80% 29.1 al1 46 283
- Y 7 7 r % _.'.
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Results

Window-to-wall ratio

‘number of
shading
4

shading
type

glazing
type

wwr
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Envelope properties
wwr wwr wwr wwr N glazing shading | [number depthof || cccupancy lighting cooling comfort operative | Udli>2000 | [ lighting |( cooling
_north ~ south _east west | type type shading shading density density setpoint limit | ltemperature lux ._energy energy
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Results
Indoor comfort

—
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Design selection: fully high glazed facade

Architectural
/Envelope
parameters
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\‘ Design selection: fully high glazed facade
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fully high glazed facade
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Design selection: Indoor comfort parameters

" Indoor comfort
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Design selection: Indoor comfort parameters
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Design selection: Indoor comfort parameters
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Design selection: Energy performance driven design
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Design selection: Energy performance driven design
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Design selection: Energy performance driven design
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\‘ Design selection: Energy performance driven design
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® Design selection: Energy performance driven design
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Reference projects: Energy performance driven design




O—©@—©—©
1 2 3 4
o e

Introduction Methodology Results Conclusions

Fatima El Hadji

71



Conclusions
Cooling energy Energy reduction/increase

Design goal Constants Design n° (kWh/m2/y) (%)
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Low lighting density 475 i [ #15
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1007 218
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(®) Conclusions

Can a passive high rise building be the solutione

No. It is not possible to achieve a purely passive building.

But, it is possible to reduce the cooling demands up to 61% with respect to the
average EUI of an office building in Singapore
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(®) Conclusions

How can a purely passive office building be achieved in a tropical climate ensuring
the indoor thermal comfort?

The window to wall ratio of east and west facade have an impact on the
cooling demands.

The implementation of a lower occupancy and lighting density lead to lower cooling
consumption.

The implementation of an external shading device is needed.
Also, the implementation of cross ventilation contributed to heat loss.

Finally, the application of adaptive comfort models can definitely help in the
reduction of cooling demands. The percentage of acceptable fime reached the
total percentage even if the indoor operative temperature reached up to 28°C.
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(®) Future recommendations

Further development can be done by adding other variables in the opfimization
phase, such as:

Dynamic shading system
Implementation of active system, such as solar panels
Optimization of the setting of the HVAC system

Take into account the relative humidity
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