Building zero energy disiricts in tropical climates.
Development of design tools for
morphology/comfort/energy coupled
optimization.

Du batiment au quartier & énergie zéro en climat
tropical. Développement d'outils de conception pour une optimisation
morphologie/confort/énergie.

AYMERIC DELMAS

PhD student at PIMENT
Research Engineer at IMAGEEN
aymeric.delmas@imageen.re

Director :Francois Garde, PIMENT
Co-Director : Marjorie Musy, CRENAU

///%%URgEﬁgmﬁﬁg Ima mageen Journées SOLENE - 19/11/15



7 Research Laboratory

Physics and Mathematical

UNIVERSITE DE = Engineering for Energy and the
aux montee [P Environment

S'ouvrir aux mondes

PERSONNEL

47 staff members

30 teachers-researchers
2 technicians/engineers

Research Areas and Structuring

Energy, the Environment and Construction: 20 years of international

experience in research and development in the fields of. 15 PhD candidates
Internationally recognized expertise in: Structured into two research themes:
* Mass transfer, Energy and Concentration * Energy Efficiency of Buildings and
- Thermodynamic systems Neighbourhoods
- Building Physics * Sustainable Energy
- Thermal Engineering
- Design
- Civil Engineering
* Mathematical Engineering CONTACTS
- Model analysis Director: Pr. Alain Bastide.
- Numerical methods 117, rue du Général Ailleret,
o 97430 LE TAMPON, LA REUNION,
- Optimisation FRANCE
* Human interactions +262 (0)262 57 95 98
- Urban Engineering / Comfort / Behaviour alain.bastide@univ-reunion.fr
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CONTEXT

La Réunion 21°S/55.5°E

CRENAU
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CONTEXT

830 000 inhabitants
1 million by 2020

Rugged topography
Limited available land for construction

Target: Electric autonomy 2030
Innovative low energy buildings /neighborhoods

Renewable energy
38% of electricity is renewable (2013)
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CLIMATE

. Température d'airsous abris

Summer season and winter season 35
Humid fropical climate along the coast .
«(32°/24°) (25°/17°) g

B
‘Rather temperate in mid-highlands i

a 10
«Cold winters in highlands (0°C) 5
-Lots of micro-climates v o

1 2 3 4 & & 7 & % 10 11 12
Mois
Height (meters)
Cloudly orographic coat
\ 2069 Trade winds

WEST EAST
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CHALLENGE

Bioclimatic Lecture theater
Saint-Denis
Design : O. Brabant

U

o
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CHALLENGE
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CHALLENGE

How to design bioclimatically optimized buildings in dense tropical
urban arease
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CHALLENGE

How to design bioclimatically optimized buildings in dense fropical
urban areas?

MORPHOLOGY

|

MICROCLIMATE COMFORT

|

ENERGY

CRENAU
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OBJECTIVES

Opftimise the urban morphology for bioclimatic principles.

3D Model Phenomena
MORPHOLOGY Natural ventilation
| District
l Building
Facade
MICROCLIMATE COMFORT Solar radiation
l Vegetation
ENERGY Air humidity

Air femperature

Optimisation multi-scale, multi-objectives taking the microclimate into account.
CRENAU
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APPROACH

The pair Rhino-
Grasshopper is a

parametric

modelling tool that is
able to algorithmically

control 3D models B aav
Ond geome-l-rico”y Algeorithmically generated and confirolled

building form in Rhino-Grasshopper
'e) p'l'l mize 'I-h em 'I'O q ny Khabaoz_Algorithmic modeling with Grasshopper

defined criteria.

Grasshopper as a script-
based Rhino plugin makes

generating complex
geometries easy.

Swiss Re HQ Building, Greater London Solarirradiation
London Authority Building optimized building form
Fosterand Partners 2013-Caruso_COptimal theoretfical building form to minimize drect

solarradiation.
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(GRASSHOPPER
Visual Scripting

Pt = Rhino.Geometry.Point3D(X, Y, 2)

d x

qy

(lZ

Parametric Analysis is the new black! Mostapha Roudsari | Thornton Tomasetti 12th International Radiance Workshop - 14 AUG 2013
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(GRASSHOPPER

evenNum =[]

oddNum =[]

foriin range(10):
if i%2 == 0: even.append(i)
else: odd.append(i)

{0;0} |
01.0
1 3.0
2 5.0 D
q 0 3|7.0
[ | 4 9.0
1|2.0
5la. )
3 6.0
4 8.0
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(GRASSHOPPER

Make your own components!

- +
- -

Grasshopper Python Script Editor B

File Help

import Rhino as rc L
pt = re.Geometry.Point3d(x, ¥y, Z)

€ ¥

L

|
| Point3dfx: float. v flast, 2- flost)

Test 0K Close:

Parametric Analysis is the new black! Mostapha Roudsari | Thornton Tomasetti 12th International Radiance Workshop - 14 AUG 2013
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DEMONSTRATION

CRENAU .
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DISTRICT
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BULDING

—

w 0 170.000
(Siopex 020000
| u 60.000 o 19 st

RHINOCEROS (visualizing) + GRASSHOPPER (Genarative modelling)

URBAN FIXED DATA GRAPH TYPE I “am;h_,y;ega;sﬁ,";;;: |

TRANSFORMATION I , o l

Lfieotprintgroundsficon] © 130 i |

fioorarea 130 | |

w’ i 70 o I - :

: | Initial shape Twist Slope  Twist & Slope |
itemeheioht| 27000 -

: | Graph type transformation: parabola |

(Mumberofstoreys| 26 | '

| ': .'.'.v;_‘-.-. . ¥ i I

I ! l

I

|

PARAMETRIC TRANSFORMATION Slope Twist & Slope |

u’ ] 045.000 Graph type transformation: parabola, bezier, sin :

I

I

I

I

|

l

Twist & Slope
2" Step - ECOTECT (data visualisation) l
& DAYSIM (dynamic daylighting simulation)_!

Iterative process until desidered solar optimized shape with fixed volume : r—— """ 7 1
- Automatically using GALAPAGOS Evolutionary Solver; : 3"Step - MATLAB (Elaboration data) :
- Manually varying sliders number. - ]

Lobaccaro, G., Fiorito, F., Masera, G., Prasad, D., 2012. Urban solar district: a case study of geometric optimization of solar facades for a
residential building in Milan, in: Proceeding of the 50th Annual Conference, Australian Solar Energy Society, Melbourne, Australia.
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Facade Ouest 1o

Analyse de I'ensoleillement sur les facades Option 2 perpendicudaires

de Mai a Octobre x fagades
Hours
500.00
45000

I 400 00 =
35000 L
20000 :!
25000 e L]
e | et T R
15000 R 'r" bt E

i s H

. . . 000 & ‘"\."’ ", o
Optimised sun-shadings
. "' 0'
from simulated data ;
:j'
- § 1 i | i = =
& | | mE i
ESIECSSESED R
I = 5
Heures dexposition
o . " & leredleillement
Parametres d’optimisation direct en milliers
" ORENTATION | [ LARGEUR A ECART R N =
L es7 [ Foade sud

i @ i 2 im 2% -879% [ Fogade Ouest
ERIGEI

24% -78%

k=i

n2

\ﬁ T INV N N 1 r

- 0 | i B i N B Jl
$ 336,
: w' '
ol
Byse Epimes
. x fagades

o JCRENAU

AAU - UMR CNRS 1563 n_ aymeric.delmas@imageen.re Journées SOLENE - 19/11/15

ma
~—
I:I““ Ambiances Architectures Urbanités



PLATEFORM

For coupling multiple tools/models

Coupling platform Global environmental study and optimized building form

+ . + Softwares ==y Computational Fluid Dynamics for outdoor and indoor naturalventiation

Optimized form

Cl:ll-cl.lldiun Engine Infegcﬁng biocﬁma\‘ic B‘\\} MODEL VIEW I)P]l\lll‘l D MODEL VIEW
3D model Grasshoppertocts Simulafion tools principles _- - "
Agent point modedin X g ; e b ‘ -
sEmE B ik @ A === == | Bl

= Urbawind - Wind flow e | - i

B ABD & Seauind, > - e 8 .
— T T EneravPlus ~ b s

> - & | = -

i

L= - , FRodiance speed shown i

-l ELY] BESa o | "

Generated from l
optimzed parameters Sl

L‘:k';Ltk

= | |e-08= %0

i -~
Dynamically confrolled »
building geomeiry ' . g“ o Solens

F
-
- —
et e e

o
— -
-

-
.‘f !'— dr 3 “":‘{‘v:‘:;r: anl a1y
= from arcal 4t | ] 102
____________ e KA R8T 9 6 923
Optimization platfform™™ 77 . s S
o Pro‘ngahrE[ DufErk atment TN 10 _SILONG PRI SOTYATATION N SAALY CESGN STAGE 10 REDUCE ACVERSE WD CONDTION - LING COVASLTATIONA MLUC CYNAWSS.
Parameters 1
. Golopages Excel spreadshest ] Thermal for outdoor and indoor thermal conditions, energy and comfort
~ Rules of thumb -
Simulation data @ Radiative for the urban microcimate specific ragiative fransfers
k_‘ Objective function Faramsters + Obj. function + Bioclimatic analysis, Data freatment and visualzation, GIS, LCA, ...
e - =

Using SOLENE-MICROCLIMAT and its different models with Rhino-Grasshopper
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