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CONTEXT

Sustainable architecture: the key role of facade

TERREEcoconstructioschook 28" Sept 2017 Antoi .
ntoineDugué



CONTEXT

Context: energy consumption
TERRE
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B Wind and solar B Modern biofuels B Nuclear electricity B Hydroelectricity

B Natural gas ® Crude oil H Coal B Traditional biofuels

Evolution ofprimary energyconsumption(extrapolationbefore 1960
energy transitions : global and nationagrspectives. (%imil2017)
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CONTEXT @

Context: energy consumption
TER R E
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CONTEXT C )

Context: energy consumption

f (1-f1oT A

TERRE
As a corollary, with this hypothesis, the surface Iorouing | Outgoing terestrial diation
. . radiation | Abnoephere Lathaeface
temperature of earth will rise. rays]
I
I

Simple model using Stefé&doltzmanlaw:
In 2000 theTsurfwould be 100C !!!

Atmospheric layer £

Swrface

StefanBolztamnlaw appliedto energybalance
A Not only a need to turn to renewable energy but also on EarthSurface Atmosphere
to drastically reduce our energy consumption

Through Efficiency but more importantly by not using it
Source: Tom Murphy blogRo the math»



CONTEXT

Context: energy consumption
Final energy consumption, EU-28, 2015

TERRE

Other
1%

E s;mc;s Agriculture
| 14% | 2%

Transport
33%

Industry
25%

Buildings
25%

http://ec.europa.eu/eurostat/statistics
explained/index.php/Consumption_of_energy
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CONTEXT

Context: energy consumption
TERRE

Reduction for new buildings
(Partly due to high improvement in the envelop performance)

Index 100=1990
105 - Reduction of energy consumption

Increase in energy independency

100 1
. \ 85% of the buildings in 2050 are already built

S —

90 1

85 1

- Hugestakes and ambitions:

75 1 c 3 nc o -

A Renovation of existinguildings
Source: ODYSESE MURE project 70 S o o e o o e oo A Autonomous buildings / local grids
IR AN L. S SRS M PP S

e==(Qverall ==heating water heating
= cooking Large electrical appliances
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TERRE

Architectural
point of view
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Architectural point of view

History of facade TERRE

from to
Providea place where comfort
IS ensured while the

environmental impact is limited

Provide a shelter

Rocher dé&RkocalineayFrance Jameq | gte€el@dosphergroject

»
»
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Architectural point of view @

Definition of facade / envelope

TER RE
What is the facade ?
. Interface between inside A volume: different layers and
Delimitthe household andoutside. function: structural,

(foyern) protection

Enclosure

S

/ ’.’F’h‘ ; =
1) —— |
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Architectural point of view

Architectural point of view: aesthetics

Facade athe architectural expression of the building:
A View from the inside, and from the outside
A Forthe building to express an idea

i
T uEE
=

A Oftenpresented as the last way for the architectural
expression:

A Keyelement for an architecturatompetition

A Less technical but key to understand modern architecture

Chpags Piper &
CharledHeidsieck
building
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Architectural point of view

Architectural point of view: aesthetics
TERRE

Cité du Vin, Bordeaux-MJ architecture
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Architectural point of view @

Architectural point of view: aesthetics
TERRE

A But typical representation of houses is quite universal:

I ALT
7D
o [ Bl

Normalchildren Very skilled children
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Architectural point of view

The different roles of the facade

A To «protect» from the outside:

i Temperature variation, acoustic, water, fire, structuralg
RIYlF 3SaX

A To ensure the communication of the building (aesthetics)
A But also
I To bring light
I To manage solar gains
it2aaArofteée 02 AYydaS3IN

A to protect from external solicitations while taking
advantage of some

Sustainable architecture: the key role of facade
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Architectural point of view @

The different roles of the fagcade TER R E
A While respecting standards
I Energy Regulations e regulations

I Health regulations TH;':)N;'QZUE

I Standards (structuresonfortX 0

I Assurance authorization (DTU, ATEC)

I Requirements and specifications as set by building owner

BATIMENTS TERTIAIRES
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Energy
considerations
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Energy considerations

Different ressources

T ER R E
A The different energy sources: oo
I sun \“x\ Atmosphérs
. . ,
I External air \
.I. Sky- atmosphere Lawonnement ::.;\:;:\H e
I Environment x“*i ;
. . i Batiment i
A How to collect this potential energy ? o o .
Ajr extérieur : :
Vantilation :=]I1=a i

A concurrent resource available when there is a need Fnerennement
Représentation des interactions entre un batiment et son
environnement. Extrait these Ldlhesné

A Oncecollected, need to store it.
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Energy considerations @
Energy considerations

TERRE

Obijective forthe

Winter Summer
envelope
Night Minimize losses Maximizelosses
Day Maximizegains Minimize gains

I Currently, passive building as an objective
I But how can you answer to a dynamic problem with a static answer?
I How to have a high performance both in summer and winter ?

Sustainable architecture: the key role of facade
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Energy considerations @

Basic heat transfer at the scale of the facade

TERRE
A Basic characterization of a wall thernbehaviourperformance
I incident ’7
Line | Solarfactor
(pCLO
bcro +dcrLotTPev
fS: |
boto incident
Text
quIJ
Flux: n Y z(Y Y )ztY n "Qiz 'Ok Y
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Energy considerations

Toward dynamic walls

Solar
factor

U value
(W/m2.K)

Enveloppe

A) Opaque wall 0,4 0 0 -3917 -3917
B)Glazed surface

orientated toward south 2 0.6 41880 -19589 22291
C) Glazedurface

orientated toward west 2 0.6 16900 -19589 -2689

if Ir=0 W/m2,then 0,4
ohontaied toward south 11040 06 55840 8667 47173
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________

Energy considerations — TER R E

A Not only to limit the energy consumption, but alsog
transform renewable energy

I To collect \
i To store A
Final
. . . —>| Buff
i To distribute \ [f j} uses
A toward autonomous buildings §: Solar |, .| Heat >| DHW
\ colector Pump - [JHBtng
. - . o — ) ﬁ
A Not to consider the building on its own, but in its
neighborhood Gas | | LS |
I smartgrids Energy
) sources 1 |
i Demand response
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Tendencies

Materials
Renewable energy sources
Measurements and piloting

Conception tools
Bench test

Sustainable architecture: the key role of facade
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Tendencies

New materials TER R E

sSummer Winter

Consorcio
building,
Santiago, Chile,
Architecte : E.
Browne

Algaein the facade. Xu,project
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Tendencies
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Tendencies

New ways for manufacturing TER R E

A New manufacturingcapacity
3d printing for newconnectors

A Prefabrication
Hugestakes especiallyfor the renovationof existingbuildings

s

Rénovation R+15 in Grenoble by Techniwood
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Tendencies @

Passive dynamic systems in facade TER R E

\ Window frame

with ventilation
holes

Pavillon Corée
du Sud. Expo

IR | Solarcaptors
g Univ2012 SRS
4 S Integratedin
facade.
Dynamic system that $
opens with the 1
external relative
humidity
Sustainable architecture: the key role of facade 27 27
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Tendencies

Passive dynamic systems in fagade

Facade with solar shading device
that expand when there is sun.
Powered by PV cells

ADAPTIVE SUNSCREEN

vvvvvvvvvv

Sy

Co S
e
ﬂ.\b,'v; <=

Concept by Julian Eberhart & David Gautrand |
Technische Universitat Minchen
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Passive dynamic systems in facade

A Specifiopeningfor naturalventilation
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Tendencies

Sensors and piloting

A Autonomoussensors

TERREEcoconstructioschook 28" Sept 2017

TFR R FE

Human WIN —

SINC ELECTRONlCS CONTROL
coﬁ%‘{%&%ﬁ’ ELECTROMAGNETIC 33 ocvossn

umgggsnv HARVESTING . om0
PEZOELECTRCRES EARCH’%*“?&E"&Q”’“?ST*%@% ‘
: VARIO

WORKING COMPUTER CURRENTL

scuoa SYSTEMSEN GINEE
S PROJECTS 548

EPSREERESTS SELF-POWERED TOTAL
JAO :ﬁVETHODS SOUTHAMPT \

RESPECTIVELY

tecnalia )

Projet de recherchdecnalia
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Tendencies

New tools for design helping TER R E

A Parametriadesigncodingand generation Coupling with optimization models

Initial shape | . | Transformations Simulation
taper and evaluation |[—2°reredshapes
shear |

M t I Formainicial taper+shear+twist taper+twist  taper+shear  shear+twist taper shear twist
e a .I-I.IIl.l.lll.I.I.-.ll..I.'.III.I..l.l.llllIIIII-Il.l..l.l....'.ll..l.ll:
7 7 ES [ < :
déploye.Jose : = F
: . = B
o ‘ :
Mlgu_el : ‘ N
Martlnez 'I'llII.I'II.I.llIl.lll.l.l..lll.llll..llll..'.l.l.l..lll.ll...llllll.l.‘
. 639kWh/m*  691kWh/m? 690kWh/m*>  693kWh/m? 639kWh/m?  686kWh/m* 642kWh/m? 643kWh/m?
Thesis
VirginiaVanini
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Tendencies @

Tendancies: test bench for evaluation TER R E

" Kubikde Tecnalia
Cellules FCBA (Bilbao)
(Bordeaux,

2000)

-7

i

Réseau cellules

Passy$Chambéry,  Beast ABie-E‘DFM - =
1988) Loing, 2009) BEF déobatek
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Example of few
projects
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Some examples @

Office 64, Bayonne TER R E

A New buildingwith a doubleglazingacade

g
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Some examples

Office 64, Bayonne TER R E

A Inwinter, use of the hot air in the double skin poeheatthe new air for the building

BLOWN AIR EXTRACTED
AIR

DSFAR AHU

»

OUTDOOR
AIR -

-~

REJECTED
AIR *7]
+ 4 -
¥
7y }’2
2 states: : HEAT PUMP
1.ON (Open to the exterior): |}

TDSF<Text+0.1 C

2 states:
OPEN if: Tpge>25°C OR - RHpg>80 %

2. OFF (Open to the DSF): CLOSE if : Tosr>25°C AND RHps>80 %

TDSF>Text+2 °C

DSF AIR GRILLE
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Some examples

Opération campus, Bordeaux

A BordeauxUniversity

TERRE

TERREEcoconstructioschook 28" Sept 2017

Sustainable architecture: the key role of facade
AntoineDugué

36

36



Some examples

Opération campus, Bordeaux TERRE

AUA PaulChemetoy AgenceDebarre EtUde.S et Travaux9s,7 Me (HT)
Duplantiers ECCTA, FranBoutte Consultants Maintenance :13,3 Me (HT)

GER 12,4 Me (HT)

Bouygues Construction

Total 1121, 4 M; (HT)
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