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Research Question

How can

a Mmulti-objective

optimization workflow

assist in early design stages

towards a climate responsive design?
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Fig I: Comparison of a Koppen - Geiger classification from (A)1980 - 2016 and (B) 2071 - 2100. Maps adapted from Beck et al. (2018)

Singapore Cairo Milan Ft. Smith Stockholm
2013 2080 2016 2080 2016 2080 2012 2080 2009 2080
Af  Af BWh  BWh cfa Dwb  Dwa Dfb

0,0, *




DESIGN
INTEGRATION


















Pre-Design Design Building Handover Operation

P SRy =l 5l e e ~N P

Strategic Preparation Concept Developed Technical Construction Handover & Use
Definition & Brief Design Design Design Close Out



Pre-Design Design

/;’ \ y \ . \
pod w1 gz2) g3l

e

Strategic Preparation Concept Developed Technical
Definition & Brief Design Design Design



Pre-Design Design

Strategic Preparation Concept Developed Technical
Definition & Brief Design Design Design

O RO KO




Pre-Design

Strategic Preparation Concept
Definition & Brief Design

<

Developed
Design

Technical
Design



2.

- i i First Concept
Pre-Design Design el

3.
# 0 \ / \ \ 3 \ , \ Performance

‘ Results

- _JI NG ‘ ‘4 . Concept _— /

Formulation

5.
Second Concept
Design

Strategic Preparation Concept Developed Technical
Definition & Brief Design Design Design

1)1 .
=
=

6.
TS\ Ppoor

Performance
Results

80
Third Concept
Design




100%

80%

60%

40%

20%

0%

@ Potential

Programme

Sketch

o Cost

)

Final project

[Initial project

Details+Specs

Construction

Use

2.

First Concept
Design

i,
‘ T S\ Poor
Performance

Results
Concept /

Formulation —

5.
Second Concept
Design

6.
T S poor

Performance
Results

8.
Third Concept
Design

S




Pre-Design Design

Strategic Preparation Concept Developed Technical
Definition & Brief Design Design Design

O RO KO




Pre-Design Design

Strategic Concept Developed Technical
Definition & Brief Design Design Design




Pre-Design

Strategic Concept Developed Technical
Definition & Brief Design Design Design




Pre-Design

a1 Ys)

Strategic Preparation Concept
Definition & Brief Design




Pre-Design Data Driven Design

/ DESICN & DATA
SATISFY

‘? oV ‘{? ;¥ ﬁ

Strategic Preparation Concept
Definition & Brief Design

[ DES/ICGN /




Climate “®

111

Temperature change in the last 50 years

2011-2021 average vs 1956-1976 baseline
—1|.0 _0,-5 —q.2 +0|.2 +0|.5 +1.'0 +2.0 +4.0°C

-18 -09 -04 +04 +09 +1.8 +3.6 +7.2°F

&

Design Process @

/_\ Informative Process
/—\ Intuition Data U
Reinforcing Concept U

N4




WORKFLOW



Multi-Objective Optimization

Fitness
Objective
1

Minimum /
Maximum
Value

Design
Criteria
1

How can Fitness Objective 1
be achieved?

Fitness
Objective
2

Minimum /
Maximum
Value

Design
Criteria
2

Fitness
Objective
R

Minimum /
Maximum
Value

Design
Criteria
3

‘What possibilities exist to
satisfy all criteria?




Multi-Objective Optimization

Design
Criteria
1

Design
Criteria
2

Design
Criteria
3

Minimum /
Maximum
Value

Minimum /
Maximum
Value

Minimum /
Maximum
Value

Smallest

window
size

How can Fitness Objective 1
be ochieved?

Reduce

Heating
Demand

What possibilities exist to
satisfy oll criteria?




Multi-Objective Optimization

FO1

Parallel Coordinate Plot

Understanding the
trade-offs between
chosen criteria




Multi-Objective Optimization

Genomes

Phenotypes

Q0 Exposed wincd Surface e
1 cumulative Radiation
2 Roof Surface Area

e r——

" Fitness Objectives

Developing
knowledge between
cause and effect




Stepped Approach

® o

Fenestration

1. Genome Selection 1. Genome Selection

2. Simulation 2. Simulation

3. Results 3. Results

4. Optimization 4. Phenotype Selection

&

5. Phenotype Selection

i

Materials

Passive Strategies




Stepped Approach

Volume

v ¥ =
Climate Extruded Model Cenerated »| Optimization »[ Simulation
Selection Geometry Genomes Model Criteria Data

enome
electio

T TY

. Fenestration | . Materials ) . Strategies




Stepped Approach




Stepped Approach

ion

t

imiza

Multi-Objective Opt

Multi-Objective Comparison




Criteria

Users

Geometric
Options
Visualization

Interface

Data
Obtained

Multi-Objective Comparison

Clients / Design Team

NAI XPOSED WIND SURFACE AR UMULATIVE RADIATI
Geo 2 CA 350 BF 300 FCH 3 ORI 50 COUR 43 144.293362 839656.0458 50

Geo_1_CA_125_0F_300_rcli_3_ORI_SO_COUR_4.9 103591271 1010406 2
Geo_0_CA_325_BF_300_FCH_3_ORI_S0_COUR_O0 104.034945 9526365083 b1

"
]

RS

Multi-Objective Optimization

Design Team / Engineers

‘0

»em%._m;..-\naww
= "
= . "
- | TR T
= g 4
e le
Ea""as‘-ﬂw.‘r"?“r;v
e ’

FoE T B e
gg [} 3'-!‘1‘“.‘?, -
v g -, B aa“.a; ES]
- | Rt

- ] = §

SN
R
br v

Geo_0_CA_136_BF_2.9_FCH_2.9_ORI_2_COUR_0 104.25608
Geo_1_CA_241_BF_2.8_FCH_2.8_ORI_3_COUR_0 218.172986
Geo_0_CA_309_BF_2.4_FCH_2.4_ORI_1_COUR_O 175.06848

Fam 1 FA AMA DF 3 TFFU BA ADLA FANWB A aaaccaran




CASE STUDY




Case Study Details

Area & Plot Angle

Climate Type Window to Wall Ratio
Koppen-Geiger: Cfb North
ASHRAE: S 0.5

0.1

Construction Type Wall R-Value
1.69 m2 K/W

Roof R-Value
3.90 m2 K/W

Floor R-Value
0.33 m2 K/W

Window U-Value
1.65 W/m2.K

SHGC
0.39

Steel Framed

Passive Strategies

::::7‘:‘}‘:’::—?;:;::::? ;‘UL;T_EA,,\\ : 5
= N

2.90

) 2,90




Geometry Selection

ALY STAGE DESIGN OPTIMIZATION

Dimensen  Taosformy Tooht Asalyre  Rendet Pancis  Help

\Rhneceros\ T NAUoSev e CASE Stody (136272) BanoAutessve3dm

VOLUME

(2) SITE INFORMATION

pewpoet Layout . Vaislay  Trasferm CutveTool:  SusfaceTools  ScbdTocty  SubDTools  Mesh Tooh
R o 7 - 3 =

)D -D-”S.a*‘ ‘;“:‘4}‘“‘ 91 algnoaooaon ‘VAQLL';QQ

i) G‘ Expoet 30 View a Messages

Render Tocls . Drattieg

Budding Footpent 300

Lot Angle

Mian

v Moph Cata

Milan Morphed

(A) BUNLDRNG DETALS

o

2
Comtructon Aeea *8

=
-
-

" FAoor to Caibing Hesght

|}
Onentation O « @

Expased Wind Surface Asea

€2
Cumulative Radiation
0
Root Surface Area

]
104 Courtyand e Lo

Conrtyard

Run Semulation

ol
~) DATA RECORDING

Geod_CA_104_85 300 FOM 2.5 OR1 0 COUR O

Sove Vabues
!

%

Rhino 7

<€

I&estonsu&ll(.‘e.&vedl

W0 Delote Facording In Database



Restoring Saved Data

——

UI
Q%ﬂ-

[ Introduction ] [ Research Information ] [ Climate ] [ Design Integration ] Workflow 27




Fenestration Genome Selection

ranform  Corve Tools  Serface Took  Sold Tools - SunDTooh  Mesh Tools
'y " | ad o
, 6, 5,.9,.0,90,00,0 87,60,

P} Messages

Milan Morphed
(=) BULDING DETARS

ASHRAE Chmate Type
3 > .

Conttruction Aren '.

Surface Area ! Volume

12 Ficor 10 Celleg Heght ] 29

Exposed Wind Surface Ared  Greetation 0« | 0

%
Cumulative Radiation
35000
Roof Surface Area Conrtyard

104 Courtyard w0

Run Sanulation
on [l
(2) DATA RICORDING

Geo2_CA_VO4_BF 300 7O 2.9 OR1 0 COUR O

Save Vakoes

Geo_2_CA_108_BF_300_FCH_2.9 CRI 180 COUR 0

[ | oo

Aun Simulation before Recordeg in Dataiase

§ Termtation Coolng  Ferestration Inengy Balance LN Moatenal Trangy Balance  Matenal Cocling



Fenestration Result Charts

Heating and Cocling Comparison Data Dwmenson  Baruloon Ttk Adahar  Rende Fanels el

ref\Shnoc eroe) TMAu el e \CASE Study (SAN5) vnodctonave Sdm

Case Study
Option 1 fowport Layout . Witbty  Travhoms  Curveloch  Sudfscelooh  SobdTook SeDToch  MmhToch Renderfoch Dol o 0 ﬁ
BB 5 o 9 &
H 17600 2 ‘J H ’2 pcm‘.‘ "4‘ 4““4 ea aognooo oo‘u 0@‘1‘2@“‘ () GEOMETRY SELECTION
Option 2
i 5* Expon 3D Yiew B M snjes
Option 3
Option 4 Glem, 2 CA 104 BF_300_FCH 2.9 O 180 COUA 0 .
. (&) WINDOW RANIO PER ORENTATION
Option 5
2000 4000 6000 3000 10000 12000 14000 16000 18000 20000 Yotat Facade Surtace Area oorth_ ]

1
Wall Surface Area
7
Window Surface Ares
”
Percentage of Glass Facade
L s

I COOLING ENERGY I HEATING ENERGY

Solar Gains Comparison Data

Case Study

Option 1 GO CA_NO4_E5 300 FCye 2.9 ORI_LEO COUR 0 6505 05 A%
Option 2
Option 3 e

. 104 85 300 FCH 2.9 OR)_100 COLR G 0% C
Option 4 e e e i o a/n
Option 5 | st seste | | conme St |

' - o Run Sseerulaticn
SOLAR GAINS

On [ﬁ Rirvang 3 semmulaten Sabes o 4 mmse

Simmuldahion befom saxcedng in Sutabuse

o o 1 Otabane

Average UDI . (%) BMULAION DS,

Case Study I
Option1 I —1
Option 2
Option 3 | —1
Option 4
Option 5 ]

ol Garn  F Hestog F Coodrg 1 Energy Badarce UDI Muneriel Enngy Balance  Materal Cooling
Jtan (1Goad [tnet EVerter [ Progect 111 Disable
Meters  [0etna Gl Soag - Ontho  Planie  Ouang  SomeriTras - Gumboll  Becood Hetony  Fites Abeobite toll]

I AVG. UDI




Fenestration Result Graphs

WITH

Hde as O\ Lserd busnaddonl atatloe ol b iy .
oy prlal | COMPARE

= -4 v { Gea 0 CA 104 BF 300 FOH 20 ORLD COUR 005 01 0% 04 Gec 0 CH 104 BR300 FCH 2 080 0 COUR 000 QY 36 03
HEGUXDA~h #| = -

ronize 7], Toggple AutnSyne I Connecn

Tl Gk

..;-lllllilll--'.t-"_. --'.--..---.i;_

Farglel Top . Front Raghi  Fenesiraton Solar Gains  Feneswabon Heabng  Fenesiraton Conlieg - Fenesivaleon Enesgy Balance  UDI Mstenal Energy Balance  Mstenal Coolng Kioae Hesuing
Mear EAPoing [Thid [ClCen [Jine ] Perp [ %an [icued [Jknes LAVeten [ Progect £ Disable U“B
5 QL85 o TG E Wt evi !Dﬂuﬂ Gl Snap | Oitka Flana Oinap Smaitlrach Gesnball Feoood Hotery  Filer CFL use 871




Fenestration Result Graphs

e s €\ e s s AppDatat e b e i .
Case Study e ¢ _ COMPARE WITH

= -4 v { Gea 0 CA 104 BF 300 FOH 20 ORLD COUR 005 01 0% 04 Gec 0 CH 104 BR300 FCH 2 080 0 COUR 000 QY 36 03
HEGUXDA~h #| = -

C =1

)
[ | | | [ |

ronize 7], Toggple AutnSyne I Connecn g !

G, 2,
K2 %) "
B,
%
% 5 o
2y %, 2
% %
%, %

.';---||:|;||----I'-‘_' --..........L—_
i v LE

Kioae Hesuing

on [Nl

Furalel| Top Fromt  Right
Mear A Paind [Tntid e [int ClPerp [ Tan [ihuad [knot EAVertes [ Pogect [ Disable
9285 06 ® Moty EDetaut Gl Snap | Ovthe Flany  Ounap Smatlrack Gumball Frcosd Hotery | Filie 07U use 1

Fenesiration Solar Gars Fenemabon Heating  Fenestraton Cooling - Ferestraton Enegy Balance  UDN Mlstenal Energy Balance  Muastenal Codlerg




Material Genome Selection

sl - [Parallel] EARLY STAGE DESIGN OPTIMIZATION
oD Solid Mesh Dimension Transform Tools Analyze Render Panels Help
pData\Local\McNeel\Rhinoceros\7.0\AutoSave\CASE Study (67006) RhinoAutosave.3dm

ILUME

FENESTRATION | MATERIALS. PASS

SLIDE ME!
olay  Select Viewportlayout Visibility —Transform  CurveTools SurfaceTools  Solid Tools SubDTools Mesh Tools RenderTools  Drafting 12 .
5 = enestration

s e f b S A A o Wi L

: @ Connections |[3» Export 3D View | @ Messages

(») MATERIAL SELECTION

it ion Solar Gains i ion Heating  Fe ion Cooling  Fs ion Energy Balance

- Oint OJPerp (JTan [JQuad [Knot [AVertex [7] Project [l Disable
Meters W D<fault Grid Snap Ortho  Planar Osnap SmartTrack Gumball Record History = Filter CPU use: 3.7

ubi

Material Energy Balance  Material Cooling  Matel




Material Genome Selection

N . 3l - [Parallel]
Material Assistance Table oD Solid Mesh Dimension Tansform Tools Analyze Render Panels Help

pData\Local\McNeel\Rhinoceros\7.0\AutoSave\ CASE Study (67006) RhinoAutosave.3dm

EARLY STAGE DESIGN OPTIM

ESTRATION |MATERIALS, PASSIVE STR

Thermal Specific Heat i
Commercial Thicknesses
m Conductity | Capacty | el
A (W/meK) ¢ (JKgK) p (Kg/m®) (mm) olay  Select Viewportlayout Visibility —Transform  CurveTools SurfaceTools  Solid Tools SubDTools Mesh Tools RenderTools  Drafting Fenestration

¥ o) »> [T - 3 T . G2
ABS Polymers 0.2 1470 1100 1 3 6 r:{"ﬂ PPLO L p‘ - (9“3\3‘ ?4 94 94 OA ° o‘ “ qdﬁz I_"‘L@ 0‘ A) GEOMETRY SELECTION
15 3 5 &

JARTMIED 20 5% 200 215 o8 1 12 4 E o Connections | [3» Export 3D View | Q Messages
Air (Cavity) 0.026 1005 1225 5 10 15 20 25 30 35 40

Basalt 35 840 3000 0.55 25

Brick 1 0.327 1000 850 140

s o T T
Brick 3 0.232 1000 800 180

Brick 4 0.299 1000 910 120

Brick 5 0.265 1000 920 120

Brick 6 04 837 775 80

Brick 7 0.19 837 1255 80

Brick 8 0.187 1112 171 100 140 290

Brick Lightweight 03 840 1000 100

Calcium Silicate Panel 0.045 1000 107.5 80 100 120 160 180 200 240 260

Cane Fiber Board 0.085 2100 300 8 10 12 16 18 21

Cellular Glass 0.06 850 140 40 60 80 100 120

it F ion Solar Gains i ion Heating  Fe uDI

- Oint OJPerp (JTan [JQuad [Knot [AVertex [7] Project [l Disable
z Meters W D<fault Grid Snap Ortho  Planar Osnap SmartTrack Gumball Record History = Filter CPU use: 3.7

Cooling F ion Energy Balance Material Energy Balance  Material Cooling  Matel




Cooling and Heating Energy Comparison

Case Study 10000

Option 2 210000

Option 3 10000
Option 4
Option 5

I COOUMNG EMERGY I HEATING ENERGY

Thermal Comfort P

Case S Uy ]
PrOPOSal
P 0N 2 | —"

Option 3

OPtioN 4

Option 5

PMY COMFORT % I ADAPTIVE COMFORT %

Material Result Charts

E CASE Study (97 KB) - Rhino 7 Comercial - [Parallel]

File Edit View Curve Surface 5SubD Solid Mesh Dimension Transferm Tools Analyze Render Panels Help
Autosaving file as C:\Users\JuanCarlos\AppData\Local\McNeel\Rhinoceros\7.04AutoSave\CASE Study (67006) RhinoAutosave.3dm
Autosave succeeded
Command:

TIRIZATION

Roof R-Value | 3.9

Groundfloor R-Value | 0.33

Standard | CPlanes  SetView Display  Select  Viewportlayout Visibility —Transform  CurveTools SurfaceTools SolidTools  SubDTools  Mesh Tools  RenderTools
DEEg8lXxDl~M+RP0 020 H= «5,.90.0,%0000 V5,00,

) Synchronize (}), Toggle AutoSync @ Connections | [3» Export 3D View | [2] Messages

Window U-Value | 165

Window SHGC

Window SHGC | 039
Coaling Load Use Advanced Settings

14390916279
PMV Comiert %
1390411
70.730594
Heating Load
13705.17366

Geo_2_CA_104_BF_300_FCH_2.9 ORI_0_COUR_0_0.1_0.2_0.6_0.6_Mai_ W 4.6 R 3.9 F
0.33_Win_U_1.65_SHGC 0.39

Custom Set

Geo_2_CA 104 BF 300_FCH_2.9 ORI_0_COUR_0 0.1.0.2 0.6 0.6 Mat W 4.6 R 3.9 F 0.33_Win_U_1.65_SHGC_0.39

Clear Saved

Run Simulation

Run Simutation before Recording in Database

DF =) o &
Sl & MK RR

i Database

(G

o8&

Cooling and Heating Energy Comparison

Geo_0_CA_104_BF_300_FCH_2.9_OR|_D_COUR_0_0.5_0.1.0
©.0.4 M=t W_1.60_R_3.9 F_0.33 Win_U_1.65_SHGL 030

I (COOLING ENERGY I HEATING ENERGY

Fenestration Solar Gains upi

Parallel Top Front

[AEnd [INear [ Point [1Mid [JCen [Jint [JPerp [JTan []Quad [JKnot [AVertex []Project [ Disable
CPlane | x13042 | y5157 | | Meters | EDefoult GridSnap | Ortho | Planar  Osnap SmartTrack Gumball Record History | Filter Minutes fro

Right Fenestration Heating  Fenestration Cooling  Fenestration Energy Balance Material Energy Balance  Material Cocling  Matel



Material Result Graphs

o4 Unernt s ke BpeDatal

COMPARE WITH

CPanwi 5ol View  Dipey G - N

L - | Gen 0.CA_104_BF_300_FCH_2.5 080 DOUR_D. 005 0.0 09,04 Mat_ Geo, 0 CA_VD4_BF 300 FCH
o (T B0y WL B_ 0 F 033 Wn 01155 SHGC 030 W_ 150 R 10 F

| .

B Simulation befone Recording in Catabee

9 ORI COUE 005 001 09 08 Mat_ i = ———
13 Wihe, U_1.65_SHGE_DFR ) SOMARLATIN: DT,

2
[k

|
r

ronize (7, Topgie AutnSyne il

% - =
-

: .I- o
o = s + m omooroa om =

D5 M W A4 M0

19, L1, 188, SHOZ D35

O 08 R WA B
ITRE LT T

dpucanpnsnessl

Bopip pinil

!

P AR lJ\.J..:.--' gl

Mare Resulis

 on [l

Faralel Frant Fenestration Seler Gars  Fenestration Heaing  Fenesinaton Cooley  Feresiration Eneegy Balance  UDI  Mlstenial Energy Balance  Maierisl Cool

Top Faghit
Hear B Poart [ Ml [ Cen [ ing [ JPep [ Ten []Cuad [ JEnet B Vertes [ Poogstt Chzable
x WTI1 i 84.73 L] Weteri !Mut Gkl Saap . Otk Flane  Onnap Smastleck Genball  frooad Hetery  Filie




Time [hr]
Zone: ROOM_15_A4222C54
type: Zone Operative Temperature

Case Study

Zone Operative Temperature [C]

Highest Adaptive Comfort

Time [hr]
Zone: ROOM_108_5FF36000
type: Zone Operative Temperature

Lowest PMV

110 kJikg

120 kikg

o B 7%
100kiHg | J

003

0.025

40015
=4

Zone Operative Temperature [C]

Humidity Ratio

Humidity Ratio

(kg water / kg air]

(kg water / kg air]

o4 Unernt s ke BpeDatal

COMPARE WITH
(Flaney  SeiView  Dapley | [:ll E :
. - e 01 CA_T0M_BF_300_ FEH_25 083 0 COUR 0,05 00 09,0 Mat_ G 0 CA_VM_BF_300_FCH_29, 0RID COUR_0 0% 11 08,04 Mat_
oo WD [T X B O WL B_ 0 F 033 Wn 01155 SHGC 030 W 160 B30 F 33, Wi, 1165 SHGC 050

38620
s iz D, Topgletutatme i
30060
257,80
21500
17220
129.40
86.60
43.80

100

214.00
171.40
128,60

86.20

.

dosensnslpensl

=" i 2 . -

Bopip pinil

Material Result Graphs

Run Simulabon b Cratabire

% RECoiding in

) SORPLILATION DT,

|
r

D5 M W A4 M0
184 SHLD 0%

O 08 R WA B
ITRE LT T

!

P AR lJ\.J..:.--' gl

Ligteral Cood

Mare Resulis

43.60

Faralel

Tep

Front

Rght

Fersesiratasn Solad it

Ferecitiatstet Hoslony

Festesiratan Coderay

Feresiraton Enegy Balance  UDI  Msterial Energy Balarie

100  Mear BAPaant []Md [JCen [Tint [JPerp ] Tan [Ouad [ Jknot £ Vet

= WO 3473

L]

Weters !Mut

Pripsit Dhzabibe
Gl Soap . Otk Flane  Oninap Smatlreck Genball  Froond Heitery

Filtied

 on [l




Evaporative Cooling

N protection against
4 the summersun

sereened porch cover

Mass + Night Ventilation

Cool night air is drawn
across slab or other
high mass elements

Bl
f

Exhaust of cool
inside air

at transmission due to solar
exterior surfaces.

gain on

Ventiation of hot, moist air @ Conduction of heat
: ¥ ’ through walls due.

| o high outside
Light fixtures ir lomporatu
| Latent and sensible o "
§ hoat from people #
Direct solar heat Infiltration of hot,
gain through i moist air
Appliances

Passive Solar Heating

Passive Strategy Selection

v WD 5okl Meh  Dimession "l Teer ahae  Fendes  Paneh ek

e Ve unCartot\ AppData\Locah Wi Neeh iveoceront | IMAscSave CASE Study (5006) vnodctonsve Sdm 4 P N J PASSIVE STRATEGIES
Cerded

CHMane:  SeiView Dopley  Scect  Viewportlayout  Viubddy Tramform  Curvelools  Sudace ool Sobd Tooh  SkDToch  Meh fooh  Render Took ¢ o4 BF 300 EON 2.9 OR{ 0 COUR QL Mt W 84 R 29 7

RGTX DT ~0 42 H P EE~ 050090000 18.90, Bt atsn

Goo O CA 204 BF 300 HOH 2% O 0 COLR 005 01 09 04 Mat W 559 K 19 F 033 Win 2165 0L 009
PASUVE STRATE ECTION

oot Ponat Roof Pondg

o Rood pons ave maidy Gsed Yor CooRng thavi) Nor Lusmmer s, Bevin) sbde 10 redace the
e § Bverage Jemperature by acting a5 thesmal s 2 by geovneg saghe - teve
ventlation through evaporative cockng
Sun Shading
ot E] Solw shad g excludes undeured adyton bom mierng the bang 1pace. Windos
shutters can el weth haat reserbion theoughecs the mghe, svoding hest iowes

wae O, Togpedumstym @ Comamrom | [Sr tap 30V | [3) Messes

Sun ey

0 Dadeg Mt X
. ¢ Fvapotative Cookng
saporatne Coole
a0t ] Wates 6 evaporyted wn s Mo » S 10 & O Th FanGton tedpares erergy, whh
on ﬁ] ety Somm the a o the form of Reat As 2 setul of thes peocess, the s i Cooled own,
Mass « Night Ventdation
Mars +« Noght Vientiat
condetos o st Night funhing worka by opering up patweys 4or wind versleson and rack vemalsson
ﬁ] Shroughout B might, t cool down the thermal mant 0 & boddng By commetion.
Caphure Intemad Meat

Captuve Wernal Heat Pecpie. lghtng and spelarces generatr heat. Tha camporent mtumes the Buking n e

l ] urning and people are abie L Opevate wandows 10 wvos] escess heat

Passve Solse Heatn
Pasarve Sola Meatewy The POMQun renresents The oMM Uty wich S exposad Dhermal mass G eep
Bccupants warm o winter. Temprestures Gam get 26 high a2 17 € above the max fermperatuos
on ﬁ] ob e combort padpgon

Run Simudation

on

Compate

Geo 0. CA_ ok _BF 300 1CH 25 OF3 0. COUS 005 01,09 04 Myt W 149 R 39 F 033 Win U165 94K 039
With

Gee 0. CA_NM_BF 300 FOM 29 OR1 0. COUR 0.05,0.1 09 04 Mt W_109 R 15 F 035 Win U103 5K 077 Sade

Parslel Top Front Right  Fenetration Solw G r Heatng K Cocieg | Emergy Balance: UDN Mutersl Enorgy Balance  Maternal
ar SA0ere (I (0o (it [JPerp [ e [[100ad [Jhnce SAVerten [0 Project [ Dinabie
0727 yUT3 1 Metes  [l0<n Gl Sonag  Oiths Plane Osnap SoantTros  Goenboll  Recond Hatoy  Fier ©

Goo 0 CA Y0t &F 300 (M 2% Of 0 COUR0 05 01 09 04 Mat W LED R 39 F 053 Win 12 145 SHOC 039 Shade
Matenal Reautts Passive Strategy Resufts Rewtt Difterence



Case Study

Wall R-Value
1.69 m2 K/W

Roof R-Value
3.90 m2 K/W

Construction Type

Floor R-Value
0.33 m2 K/W

Window U-Value
1.65 W/m?2.K

SHGC

Steel Framed
0.39

Window to Wall Ratio
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Passive Strategies
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Proposal

Wall R-Value
2.00 m2 K/W

Roof R-Value
6.62 m2 K/W

Floor R-Value
0.33 m2 K/W

Window U-Value
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Optimization Workflow

PRE-DESIGN DESIGN DESIGN 2.0 POST-DESIGN

) Traditional
‘ g! Workflow
’ Traditional
._—----_---_n> o

Traditional
Workflow

- Balance intuitive & data-
driven design

- |[dea Generation
- Design re-formulation

- Time consuming

- Strong start
- Initial idea generator
- Stifle creativity

- Limited number of
geometries
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Limited Fitness Material Simple Passive Omitting Context
Objectives Simplification Strategies







Future Potential Integration

Data Concepts
- Build knowledge - Drawing to 3D
through workflow geometry
testing and - Digitalized sketches

simulations

Qualitative Project

- Floor plan options - Testing the
by geometry workflow in a real
- 2D image project setting

recognition
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