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1 Ulrich Knaack,Tillmann Klein,Marcel Bilow,Thomas Auer.(2007) Facade Principle of construction. (VoI.ISBN 978-3-
7643-7962-9,PP.14) Berlin : Medialis.
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1 Ulrich Knaack,Tillmann Klein,Marcel Bilow,Thomas Auer.(2007) Facade Principle of construction. (VoI.ISBN 978-3-
7643-7962-9,PP.14) Berlin : Medialis.
2 (onf g Al eatell ot L hige Jaey (sl )M A lal) Aintll e e les s IS )
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Sl L Jext Lle ik (5
Ayl Al e adiad 4y e dnalise A2k (6
el Ll Joxs Sl Lk (7
Glubia 5 523 ks oSa3 20k (8
Al syl 5 Aluald ISl A3 (9

(13): 68,08

ailigda g 8IS dmatia Hlaadl
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diday Jlaal) 1385 (5ESE aawtie ) Cailla gl daeia lan Gana A el s A jall cul L (sl
Lol s illall US Jae Jglall e 45508 Caladl g Cramall G ueedl) i 5o G sus Jiall lilis
Dlanll e () sSans An LAl Adalall sl e lalaie ) aalas¥) S USualins 28Ua1) 38xi] 2l

.2 [Davies 1981] " lax 83,)Ll1 i 3 jlad) iaal) (halia (ya Lilash of Loy 28U Jaal LS

1 Ulrich Knaack,Tillmann Klein,Marcel Bilow,Thomas Auer.(2007) Facade Principle of construction. (Vol.ISBN 978-3-
7643-7962-9,PP.14) Berlin : Medialis.
2 Davies,M. (1981). A wall for all seasons. RIBA Journal, 88(2):55-57.
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2012 sl saadl (14): 8, 0SS

Holger Strauss ,2012 (el calaa ki ea 53 JS3

—

Additive Manufacturing
2 Technical University of Delft, Netherlands
3 University of Applied Sciences — Hochschule Ostwestfalen-Lippe — in Detmold, Germany.
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a3 o) jal areai (e LiSay Additive manufacturing <ibiadll aiail) guki of jala S
dadail Jladinly 3 pally Bl Y 138 | Agalsll Jrend jualic 5 Edlasll day | sk ST 4y
Clgal gl Jia s (A dulun diad 2le¥) 4500 delidall e Dlia la 3 5a8 i Leale G jladiall g 1)
orsbil dasias ghad o2 5 Alalall (5a¥) QS 5 senil) (350 ghai 5 ) sall Bgaal 5 (g0 LSS
) sl 5 gl sl JIS

Holger Strauss ,2012 saadll (15) : &8, <&

il (2 s o i (b S gt ) (0 A ) o ol il e e JS
sLi) 5 dgal sl jaalic Jay )15 shaie Ao 5l iS5 Aoty JSG b ST apabiai ) ghaiddaadla e
se ety ) LSy s i) Cilidd )l ST il sale) cany L) Al Jualad)

(15 a8 JS3) L il 5 Lo JalSal) ) iaall i) Alaall (e 4l

1 (Computer Aided Architectural Design )
2 Holger Strauss (June 20, 21, 22, 2012 ). AM Envelope —Potentials of Additive Manufacturing for facade construction .
Paper for the VI International Congress on Architectural Envelopes , Donostia—San Sebastian, Spain.
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1 Holger Strauss (June 20, 21, 22, 2012 ). AM Envelope —Potentials of Additive Manufacturing for facade construction .
Paper for the VI International Congress on Architectural Envelopes , Donostia—San Sebastian, Spain.
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1 EOS-DMLS-System
2 Strauss, H., AM Facades - Influence of additive processes on the development of facade constructions. 2010,
Hochschule OWL - University of Applied Sciences: Detmold.
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e )l dcliall 3323 (3

a5 Jealiall 5153 5a 5a8a3 (4

Ji il Oaell o) ) 5 L) 4lSlas 5 Cilgal ol ol 3ad (e e o JSUeIaY1 A 0 dlsa) (5
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1 Strauss, H., AM Facades - Influence of additive processes on the development of facade constructions. 2010,
Hochschule OWL - University of Applied Sciences: Detmold.
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1 Brager, G., G. Paliaga, and R. de Dear (2004). Operable Windows, Personal Control and Occupant Comfort. ASHRAE
Transactions.

2 Lam, W. M. (1977). Perception and Lighting as Formgivers for Architecture. McGraw—Hill.

3 Galasiu, A. D. and J. A. Veitch (2006). “Occupant Preferences and Satisfaction with the Luminous Environment and
Control Systems in Daylit Offices: A Literature Review.” Energy and Buildings. 38: 728-742.
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1 Inkarojrit, Vorapat (2008). “Monitoring and Modeling of Manually-Controlled Venetian Blinds in Private Offices.” Journal
of Building Performance Simulation, 1: 75-89.
2 llluminating Engineering Society of North America (IESNA) (2000). Lighting Handbook 9th Edition, New York, NY.
3 Commission Internationale de L’Eclairage — CIE

4 Reinhart, C., J. Mardaljevic, and Z. Rogers (2006). Dynamic Daylight Performance Metrics for Sustainable Building
Design. National Research Council Canada.
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ASHRAE Standard 55-2004. “Thermal Environmental Conditions for Human Occupancy.”

CBE- center of the built Environment

Advanced Human thermal Comfort Model

Richard de Dear, Gail Brager, Donna Cooper (1997) Developing an Adaptive Model of Thermal Comfort and Prefer—
nce. Center for Environmental Design Research, University of California, Berkeley, CA 94720 USA .
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Figure1. The PMV Scale

L ol 53 yiald e (20) ) IS4

Dl e
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sl lasn) 3y Aiaal) il) S g 4 o8 G2 S b Juamily Agmmsall Ay 5l pall sl
Sl e 3l g 3as all i) Ja g Al Aul a8 V) 6 ad) O a4 3all 5 A0SN A Sl el da)
ol @5l g Aasdlall e duljall &S5 2 [Arens et al., 2006] 3 sciall &l da g 8l (e 50
&) 5 8 o agi )i DA (e agy Aol Al 8 WSl e 53S0 ) el A (ilall)
A anm Cpilaldl) (g STAIANNN 3l jall a5 <l il s sl 3 g Gana Ll s (5l g 381 il

1 Huizenga, C., H. Zhang, Mattelaer, P., T. Yu and E. Arens (2006). Window Performance for Human Thermal
Comfort—Final Report to the National Fenestration Ratings Council. Center for the Built Environment, University of
California, Berkeley.

2 Arens, E., Zhang, H., & Huizenga, C. (2006). Partial- and whole-body thermal sensation and comfort, Part I: Uniform
environmental conditions, Part Il: Non-uniform environmental conditions. Center for the Built Environment, University of
California, Berkeley.
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1 Arens, E., Tumner, S., Zhang, H., and Paliaga, G.. (2009). Moving Air for Comfort. UC Berkeley: Center for the Built
Environment.
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1 Department of Energy (DOE)
2 Commercial Buildings Energy Consumption Survey (CBECS)

3 Torcellini, P., Pless, S., Deru, M., & Crawley, D. (2006). Zero Energy Buildings: A Critical Look at the Definition.

National Renewable Energy Laboratory and U.S. Department of Energy.

44



el Apna 4 il el 8 Al Allall cilgad sl jealie aladind yulaa s cullud 2l 5

Ada Y A8l gy 2003 ple ) 1980 ple (e lapall QAN aliddy) jlisall jelay
O waall e 4LEEIL 5 | dealal) A o pliall A8 Blgil (miss s Lgdaa 5 (CBECS) o
Clilall &l g e g AL al) il e Y pSell ol A8 A jhea A gad ol jalual)
. & 5all asa 3222

4kl 4oV & gun sal (il agdl & s gall 138 i ol Ay 508 el yall 5 Csad) (e el
A ytuall 40 e aaell Gl all e el 5 iy (Al g g IV A, a1 A8 B il b s
0o Ol (paall A A8l giul o )il padds e 3S 52030 alad) and o) Cus T A8
el

World's Best E ENERGIEPASS
Window Co.

SEFi ag ||2.{][]Un """""""""""""""""" Birogebéude Minchner Tor """ 24. Januar 2005
CESE ment Gesamtbewertung Primérenergiebedarf
_SNEED Double Gzhngo i FloLow E V-
XYZ-X-1-00001-00001 p— Ml —
ENERGY PERFORMANCE RATINGS - 77 Ul
U-Factor (U5, 7 1-P) Solar Heat Gain Coefficient E"s'm:r;z".t:T Tarm'zm;f::; sssss

s Verwaltungsgebéude

te! Be 6-10, 80805 Minchen

035 | 0.32

ADDITIONAL PERFORMANCE RATINGS
Visible Transmitlance Air Leakage (U.S./ I-P)

0.51 <0.3

Mantaciores sipulitid. il B mbegs coslom ko apphcabln KFRC proceduns b detiermenng wholg

produt performance. NERT rategs e detiermnsd o 1 fosd el of ewironmental conditons and 4 Instit

spcifc product size. HFRC does nol recommend any product and does nol warman! D sulstaily of any Nobelstrake 12

gt o Bty B ol Coriiult ity eritur o (e prodiet periemmiic nkormration D069 SUIG gty
W o)

2003
49.258 m*
DIN V 18599

ssssssssss

www.nfre.org (s S Balll asa jaaall (23) 8, S (22): 8, 05

o ) Aia (pe Bl 3l 5 gl Bt JSE (I 5 g Aie gise el ) Al | A pae Apaad FSLAI B2l U

Al gl £lidl) o le Ao 5o I (e ale )y ane oy 35 S o 50 e 3k 8 LY apenal Jila )
aginaa s CpiSlull dal ) 5 8Ll 5 dalainl) 5 ¢ oY1 Al 4Y) (e e slea s yulza 5 55052 NIBS

3 A A apeaill (s anse can
5 ALl 45 3 5l (USGBC) 4Sue) ol juaddl 41 Galaa 85 a1 <l gl DA

1 http://www.nrel.gov/buildings/
2 National Institute Of Building Science
3 http://www.wbdg.org/
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Yudelson, Jerry (2009). Green Building Trends: Europe. Washington, DC: Island Press.

Haas, Martin (2008, 2008, July 7). Personal interview with architect at Behnisch Architekten.

Auer, Thomas (2008, July 7). Personal interview with managing director at Transsolar KlimaEngineering.

Southern California Edison. Dynamic Window Shading Systems Technology Overview and Product Assessment.
esign & Engineering Services, 2008.
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1 Whitney, Carin (2009, August 18). Personal correspondence with communications director, at KieranTimberlake .
2 ASHRAE. (2010) ASHRAE’s Best: 2010 Technology Awards. ASHRAE Journal, 52(3): 56-63.
3 Hanson, Gabe (2009, July 31). Telephone interview with former associate architect at Weber Thompson.
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| _Loisos, George (2009, August 18). Personal correspondence with principal at Loisos + Ubbelohde.

1 Haase M, Marques da Silva F, Amato A. Simulation of ventilated facades in hot and humid climates. Energy and
Buildings 2009; 41:361-373.

2 Xu X, Dessel SV, Messac A. Study of the performance of thermoelectric modules for use in active building envelopes.
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1 Ulrich Knaack,Tillmann Klein,Marcel Bilow,Thomas Auer.(2007) Facade Principle of construction. (Vol.ISBN 978-3-
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1 Ritter, A. (2007). Smart materials in architecture, interior architecture and design. Basel: Birkhduser
2 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building
& Planning Eindhoven University of Technology , 2010 .
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& Planning Eindhoven University of Technology , 2010
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7643-7962-9,PP.14) Berlin : Medialis
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SASBE2009 conference, Delft.
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Alaiu¥) e Al el 5 AN Adalall o il o canlie ¢l 58 383 () ey Jslall s2a g
Ol 5 peadiiveall AT Liagl 5 dplalall g da Hladl Lo g il 8 ol paill IS (S0 gy aSaial)
O el Aaale (Trias Energetica) <l sha G 45 jia (paai pe ) o4y 5 el 8
.U [IEA 2008] 4 jlexall &l jliie W1 g Al Jal sall

Jalddl el agga
w,uu bgﬂﬁl

J-I-U|9 Jedl *-JL°9J-°
(2ul) puibll Slpss

oo el J335 ¢ a5l b ill
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7ol ) o3l

bl T s

o3l polic S
oyl

\ AT /

dil

(41): a8, 088

(ol Zes ) (IEA, 2008 ) gesdl sl o 5eia

1 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .
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Dynamic Insulation Systems (Sxalial) Jal) daliil 6,2.2

@ el )l Calaall o)) jall Jalil) pailiad 5 salill J el (Spalipall J3all o seie pany
- srall Jalall o) el dfuue 2085 S8t s

Baga (3iny Lain el Calie yie gl all gl (a1 degiall ) aalS Sualipall J3all yimy
RSN JUREQRPY PV

Jlaall 13 o 58 Cus Breathing wall  (ediial) laadl e Wlla 38 gial) 3ae ] ) @il aal
$ o a Jabe dida 53 a5 (o aUaill 13gd (S 5 ) 5l 835800 J jlall dida e ) sl JEEYL el
D Oty Ol (e il

o e (Say Al 5 Ainna A gl piuall Gase gy paie (e 4lSE (Says o)A Calad) -
i) 5 eV (e o sgdl aais

33585 ) dilll AL ) gl (o cliida Bae ol A (e Calli G Sy 5 Saalinall ) dida -
il Al et o 4SS pe A g Jilas 5 aladinly Ailana ¢Sy lidall a3 e o) sl JLESH (6) 5l
TIEA 2008] bl gandia elaf Lnplall Qi sl s

1 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .
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Phase change Materials - PCM skl 5 e 3 gl 7.2.2

Gang Ena bl pall @) &5 ey GalS S0 5 )l jall G Al il Lol 5 1) o adiad o) 5o o2
o e gl oSl ALLL Allall dboall Alall e salall ki Laxie Ayl sl 28U
[ IEA 2015 ] Jskll 5 s 3 il dlead

Gasday allaill (5 gadl Jaracall (a5 ka4 5l Leills 5 lpailiad ja o) sall o8 jaali
50-20 (e JleaiDd s )l a Cla jo Gasa Jasall o 511 3 ) ja A 53 (e A 831 g il 3 Sl
o salins da )

oA 851 la 5o g sl 3 sall 038 ania b)) el oS) i dpald JOlaiul g8 oY) ol
LedUa) 55l all ch jad iy la 3l sall o3gd ) ghall jas o Lalda g 3) gall 3 daldll jleai¥) e
ChaY) J e L sl oy o (90

o daalsall L 5 el o) 33 A ) jadl daall 30l 5 Jilas 5 2alS Lgia LY (S dpalall o2a
oS S )50 Bk ) O 90 Aaal) g 2y il Y ses il

5 A al) CYEEYL Juadl J oSailly il sl 5 sLis) (A ) shall 6 e ol s (pesal pramy
2 [IEA  2008] dpssadd) A8l (e 3aldinal) ClilSa) (e 3

sle (Gipson) usall sf (cement) CoianwY) Jie bl o) ga ) shall 5 e of s dilia) Jad
Jal A ol ) el il e aeliy Laa ¢ A A8Ua 301 j5 2 gall o3gd 45 ) jall daid) 304 5
OSar Y (ISR e (9585 Chgas Ll O g e plae JSg 2 gall 028 asa 5 o e A
Leills 3 a5 Led Jomny Chgan (oAl oyl Al 5 colill o) 5o 0LS S o () clas slas
L) 3l g (833 ga gall Sl JOA (e AL

DY g€ JSG e (PCM) L shall 5 aia ol sall oda ciulai 448 3 Gfislll aga S 55 ) o2gl
RS al g 3y slill 3 ge e el Yy elally Al e ol ge Alalirgs Aus Sa pgmnss

2 [H.S.mohammed et al 2012 | dsslia &) a5

1 International Energy Agency , Designing with Responsive Building Elements . Annex 44 publications . Annex 44
publications 2015 . Nethrland .

2 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .

3 H.S.mohammed & S.M.Abbas & S.S.Mohammed . 2012. A New Method For Preparation of Microencapsulated Phase
Change Materials (PCMs) For Low Coast Energy in Cooling of Building . Department of Chemistry ,University of Baghdad
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Dl 3l _ad LSOl Jin Aagall ldial gall (any e (PCM) Lyshll 5 i 3l 5o jLidl aaie
Dbie W) 5lan 3 e ) s U ALE e ()5S 0 5 Lgre Alaniosal) oLl 3 g0 ae a5 (piialle 43U
L sl oda A4S

Polyethylene) JsSOS (bl I sall 5(Fatty acids) 4uisall alaal) asicilival salloda e Iolaic |
ol 13 8 Alaaiiaall o) sall a8l C( hydrated salts) Auaiall =Y 5 (wax) a=ill 5 (glycol
Ledl W A oa A L STy ghall 5 pnia ol sall (p (he ALIS JEY) (o4 Aaiall =31 () (g0 a2l
(+°32) > steail 31 a &a 3 ( Na2SO4.H20)(Gluber salt) Jie &l 5 jleaail da 3 cllia
Ol (paraffin wax) ol L aed Wl (a2S/d 52 sLS 254) @ Hafi o jlgeail (e dadlill sl jall 5
5 el Gl A (2] (aaS/dsn LS 212) o lenail 3 a5 (2°52) 2535 o jlgail ) a da o
dalie o) sal 8 Ll o) ga pe Lellanin) Sy (PCM)_ shall 5 ysxiia 30leS o jliial 8 daDle iSY)
L e Al o) saY dglin

A
o
7 |
©
o
Q
: 2
= 3
2 oel5
. latent
> Q{f
3 .
_do Slgasl Sl
SOLID MELTING LIQUID
& 1,2l 48Ut thermal energy

1(42): 48,08

Dl 8 e ol gall 5l jall da o 4yl jall Al ABdle a5y Jadada

8l A A Ll g Al o) gally 46 jlie JSlsal) 3 shall 5 puaial) o) gl aladiid <l e (he
I[IEA 2015 ] aaallsalisl) il

Ladie g Alilad) Aladl (8 skl 5 pmie o) sall 065 LAl Adads (e e B3 ) all dajo ()5S Ladie
- Aolall ATl o) gall 2 gad ol 53 Aai (e JBT 51 _all a0 5SS

1 International Energy Agency , Designing with Responsive Building Elements . Annex 44 publications . Annex 44
publications 2015 . Nethrland .
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3l gy A jlie 35S Ay ) el g s Aol o) adly 45 jlia ) shall 3 e o) gall aladiin) (pe 32304
3 ga diaaiall el o) gal pransy Lae 3 yaciall 45 ) al) Wiz Liadl 5 anally o)l Gl G 5 A
Joa LA 80l @) yaaiad Cuatid) Jedll o Aaalial) 3 a8l Il (e shall 5y

Paraffin Q\Sbb

‘ Phase Change Material yglaJl dysia 0|9.U| OlS,e
. Compounds
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LS5y dn sl

Salt hydrates

. . SAVRGIRIS
hgas 4 S

Inorganics

Eutectics | il Gilys dol el dhals ol Jolona

oxadl (43) 048, J8s

Phase changing materials VPCM skl 3 e ol sall Coyiuas

b Gl JSAL ma ge s LS (i (e shall B pxilal) ) sall i

Al pe 9 Axid) )b 3l e el 5 Organic material 4 gac 3 g0 (1

Inorgnic material & gpac e 3 ga (2

4 ganll e ) gall me & e al A (e 20ad 1 plad el o) e (A 2RSS & gianl) A gall
Lls daadiiall bl of gal dald Ll 5 gulite J<0 LAl e Led ja8 (al &) o3 (ga
1 [IEA 2015]

s Lol skl ial) ) sal) pailad

A5t all Jerdill A )3 Gan (o (lisdll die <

Apma 40aS (BOULY ol sall 03¢ oo sl aaa (8 L 5 aaall aa o Al Adle 256K 5 ) jall
| e (5S4 (e

5l yadl ($3Ual s (Al dal se 30 3a3 (8 agedt bl 5 Auliall of gall 20 llad 4y ) jall 4L <
L laa g L) ga) e ae by Lae Jaaall A1 Lgallas i) ¢ 3ladl 5 anall 8 jiall sy

1 International Energy Agency , Designing with Responsive Building Elements . Annex 44 publications . Annex 44
publications 2015 . Nethrland .
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D ookl 8 e 2 gall LilasSll (ailiadl)

LS Jleai¥ly 2eaill 350

Dl s daad Ol )50 820 ey ) gall ApaS 8 Gl sy Y
6 AV Ll o) g 8 JSI Caans Y

Al Alal) gl gl Gy a3 3.2

Lpaal) dualall 48 jral) e daing oghual (385 aenad A g 1 Ll Al Allall gl 5l oy
deal sl dada g A e clead sl Calaal) aaas g daelicall clandadll jue dald g Calaay) gual
el Calia yie Adalal cule ) jall Lgaas o glhaddl elaY) julaas

4al) Adlal) cilgal o) paibad 4.2

30383 (e Y I g A A gl gl it ) Aol il llaadll s el e anll 5
pled Sy Aglladl A& 3aiat) S 6 e JSE Clga 6l Lo aiati O ey ) (ailiadld) s2a
DS a5 Al Al dgal sl o sede (3R Lgin Lagd & LET 5 JAla () (aibiadl)
Controllability ~Ssill (1

Dynamic 4wl (2

Mechanic 4S8l (3

Flexibilty sl (4

Kinetic &S,al (5

Adapitivity <&l (6

Mulit-function —aila gll 2323 (7

Activation Ja=&ll (8

Integration JalSill 5 il (9

Intelligent S (10

Interactive Jelaill (11

Responsive 4tV (12

Evolvability _shill 4,1 (13
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Controllability aSaill 1.4.2

Ly pdaast e @LA\QQHB,;QISZ\_A';\J\@L\?SJ\@; laac Lol cilgal ol atliad ddls) o)

A a5 s dapy Jliel o oLl Capal) Juad 8 dpadae V) Guadll Ay ) Leta 05 4 A

elal b ALlS Adlad gada (S Aglladl bl Baadai Jlaa (8 ia g sl al) J el Gaadai] 44

8k Ay yhay 5 el gl lgal ol cuaid o sy s Ll clgal 5l 2Kl (g0 gl 1)

' [Loonen 2010] & aSaia

Oblall dilea sl dalall Al e jig Al ddagaall 40 jll a5 0l aSailly gl 5l o8

55583l Cleal sl e 555 Ll Alnpaall gl 5l Jog ) Sl A (o il i il b

2 [Straube 2008] oSl b e wly Al Allall okl 5 dan Al g gl Al aca y aty Gl

e glie 5 el JSG e Ll Lo oSl oy - # L)l (1

Aohall ol sl 5 @Y gl 5 Al Jadl 3k e 4 aSay - Skl (2

e 5 il 5 5k e - guall (3

@Al o Gaok e - sl el G (4

Gl daslie clishs (el Gk e - 31l (5

4l Jolse 58 pall da glie Clisda (raial 305k e - g3AlI (6

Dl e 5lae 33 o83 Cliiha Gpancal yie - olaall g (7

AL A gle a3 e A jlie g Jgea g Jilu g (panal e - Aluall Y ses - (8

L e 5 Qlpdall jalsa 5 ) sehall dllad 3k e Ler aSaill 2y - o Jlad) dpepdall sl (9

Gl Ales e o8- 2Ll Lelis il sleaY) (10

il sall dallas 5 & shaud) dasad Gy ke (4o Lo oSy - 2 B (11

pSaie daslie il yie -2l (12

A4S el dealiall g 455l ye Len aSaiy - Y30 (13

dald dlat jie lg aSat - Gyl (14

daa AN Jal sall A el oy o) s il e aly - a5l ol sl 4 sinall 4L ol sall (15

slole = sh (5887 ) = shaall Juai ye - Ll geni (16

< 1O Al A g laads Adlia) - ) ) e Y) g anall (17

1 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building
& Planning Eindhoven University of Technology , 2010 .

2 John Straube, Building Science Digests BSD-018: The Building Enclosure Created: 2006/08/01 online publication
at  http://www.buildingscience.com/documents

81



el Apna 4 il el 8 Al Allall cilgad sl jealie aladind yulaa s cullud 2l 5

Apli) Adlie (s e - S iV (18

Gl dald Gl jagad 5 an jbadll (el e - 48 50l (19

paadl) s Llpall Clilee i - ¢ Y 3331 (20

Colel b g alall ods Ji o5 e A 5 iS5 il s e Jumil oS5 5y

G s A A 5 Bl ) e i (Dlie 485 5 oy ) sl dadail 8 Gaus Ll ALYl
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(Loonen 2010) saadl (44 ) : 28, S

is gikal) Galal) (b ilial) Gilsl) (2 il sl oSl ol g gy JSE

Dt s (44 5 JS0 ) a S (K adalail 5 oSl aaalie (e e 53 2n sy

Closed loop 4alaall 4slall (]

Open loop 4= sidall 4alall (2

OSs AT IS8 Sams G S Cpanil SIS ) e w8 cpaail) (e asal) (o A0l il il el LS
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Al (el oSaill Ll 1.1.4.2
dalealldslsll1.1.1.4.2
! [Teuffel 2004] o dpbad jualic G (e alail) 1 Calls,
il jalie (3 sl (2 cbubaadl (1
Gaa Y gl 12 ga 50 06K 38 (5315 Sl Slen 585 )y eaie 3ga g aadl (44) JSAN el LS
_aEl) Allad) dgal gl elal
Jlie ) A Laliall o g 30 Ailsa ol ALy 58 Alla a4y 5 jacaie 4y i) iy
(gl |z shudl | sl daaall A N5 all:
U s 3 sualanl) cellacall Sy (el iy 5f AL 5 L1 ) a1} Ja 5 Jasi il o
aa ) LSy )l jiaall leg Jaad JSG bl Caiad (Say el 138 e
458 aladiuly g dalidall Clubiad) (e daaldl) UL g ol LY 238 aany 53l juaindl o gellaal)

53kl Alelal) LSt Ll wis oS3 ) L3I die iy s Aalladl e
SailSae Jad ) gellaall (e danlall MM Jsad5 el e 3 ke A s Cildiial) a5 GG juaiall
.2 [Addington and Schodek 2005 ] b s Saeas

sl o Sl sl o SailSaa Jadl gy o Jadll 13] (S Al Alad) cilea) 1)
Crania Jadll 3385l A0 jualinll adyy CaSia Jlad i) A0V) 5 oSail) Apals aladiul (Say
s i Jilugll (e 22

Magnetic switches (uhliaall J2dll (1

Penumatic pistons 48! sell puSall (2

Shape memory Alloys  (ba) (SN 45 yiadl cillalal) (3

Piezo-Electric Devices 4sbeSll 5 35 el (4

Hydraulic cylinders 4S5 uell bl sl (5

Electromotors 4L ¢Sl &S jadll (6

400 3 jua (e BaliBLY) Ao 3 paall e Al Aallad) Cleal sl 8 Adlaal) Zalal) aaly oSal Hiale
OSa Agal sl alail QAN clalae W) e aalill V) of ) edS )5 Feedback 4sels sinY)
JS el Calke Co e Joas Sy dalal) vie g gl ol o)l (e dfiiad (o g all Y a4 i

1 Teuffel, P. (2004). Entwerfen Adaptiver Strukturen. PhD thesis, Universitat Stuttgart, Stuttgart, Germany.
2 Addington, M. and Schodek, D. (2005). Smart materials and new technologies: for the architecture and design
professions. Amsterdam: Elsevier.
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s led G giase e el Calial dapnall Al ae Caia o el (Gia (San bl 138 ey Jeld
Aen) o) sal Gaca daaim ge lallas Gpecal e e JSs g 3sa (1
Ledary b ASU el 51l ol aa Loy ) Sy 4 38 ja ) e 5 aSaiBan s e 4y aSaia g S 30 (2
- iall e ibalall ae Jeliie JS
Laill gl el Calzal daals llee Gaiadl Laula 058 ol Sy Glaall sl () e a2 ) e
Loonen] ST 3l 5 andy Loagl ai€ls alilos (o Iaiad 5 L, ST iy A gidal) 431 a5 AU
112010
aldaiy aSaill (2 SAl aSailly Lyl o yai ) aSaill i) il (e panll ol 35 a1 &l sl
.3 [Dounis and Caraiscos 2009] sl Suall
Db Lo any (SAN ASail) el LIS
Multi agent systems JiS )l saaaie dadai¥) (]
Predictice controllers 4iiall SleSaiall (2
Reinforcement Learning al=ill 3 325 (3
LSl o seda HSY g Ayl Allall gl 51 oSl & il e 5 oyl Aadai¥) sda SOl (Say g
el e e a8 cuy (Model based predictive control) 4 sl 3 jhaad) 73 s e &3l
Gl (& gl i) (e Yoy aSaill 480 Gl i) puiay s Sy Gus Jalsdll
a3 i el ylad idal

da sl dalall 2.1.1.4.2
) A pall 4 gl Aadaidl Lia gumd 5 408 458 53 8 e tiad Al 5 Caill Apala oUail) o2 elliay
AL dgal ol Jaag Lae dapae 400 @l jise e L ASEN Jadl) 5 sy Gus el alre JS4S
330¥ . 4[Fox and yeh 1999 ] ((_sil) sl piluall aSaill ) sy V) aSaill 138 513N yaaill
aldaill 1 Calliy g o S e el 51 280 () (5 90 Gaaat il | 58 Jsay Al ) puriiall e Jadll

S [Loonen 2010] 2l jalic s cilubual) : Laa Cpalid o jaic e

1 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture,
Building & Planning Eindhoven University of Technology , 2010 .

2 ISy

3 Dounis, A. and Caraiscos, C. (2009). Advanced control systems engineering for energy and comfort management in a
building environment — A review. Renewable and Sustainable Energy Reviews, 13(6— 7):1246-1261.

4 Fox, M. and Yeh, B. (1999). Intelligent kinetic systems in architecture. In Proceedings of Managing Interactions in
Smart Environments (MANSE), London, UK.

5 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building
& Planning Eindhoven University of Technology , 2010 .
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1 51 s Laali Laldai adeay Las o) S5 5 4uSe gy ¢ 5utill SLlE o gedall 138 e Cilgad sl oSaill 0 65
L

e Ll 138 Al i 3 205

Ll ASTal 5Ll saed 4y (1

ealiadl 2ae daay 13 5 ad LB jualiadl aal o Alad) ApE) el Cas 3 Uil 13 (2
alic e guaie IS 0 Gua lunall #ling ¥ (538 e e Shaie ad 45Y 1l Leadiudl)
. eadia sllaiS Jany dgal 4l

s allail) bl

lee A paraall Lgad sy Al il ppaiall Comivn o 43 43l Aia o 2Uaill 13g] A )l Al (1
Lo el

ail) e Y Gara (3 Jadill allaill ol e ol gall Cildial ga asanai e 7 sital) allaill avenald &y
et s g (limaia g SO Ladaat (e Yy dpedl) <) il K1 AS jad a5 (520 2aa5 Da ) A4
csthadl oY) Gl Lehia (S Y apenaill (5 8 Ol 5l Gania (5 gine e (oA (are

LA s S aSall (pilalal) o) 80U Sy Y Uil apanal asy (2

oSl dagil il 2.1.4.2

Gatatl 5 3 jusiall dgm Jlall CagHhall o aSall alas e oy 3l e aSa (338a3 Jal (e
Gind any Gl 138 o 5 zrade aSa Al e a2 i g 5 jea Y] JS JalSE () Cang eals (ke
: ' [Poirazis 2006] ool ey LU ilal)
Passen] isall lal e i aelani OS o) 5 s oo IS o 5l (e g3y o ang cpilaldl) (1
2 [1995
JEY) U8 Ls Al Gigolall (e (o gaatl saliiay) SUaill e aag A8 e Blial) Cangd (2
LAl 2aaal) 5 CanSall AalaidU
A8l Mg Jil e Aad 1 st e 38 55 o cang oSl Al S (3
Jui¥) 5 yié g A8l jé 8 o Jaid 3l alhill e sy Jsrdie e Gl 0580 Laaie (4

1 Harris Poirazis and Department of Architecture and Built Environment, Division of Energy and Building Design.Double
Skin Facade. A report of IEA SHC Task 34 ECBCS Annex 43, Lund University, Lund Institute of Technology, Lund 2006.

§Wevc;ennP‘aassen, A.H.C., & Stec, W. (2001). Controlled Double Facades and HVAC. 7th world congress Clima 2000/

Napoli 2001, September 15-18 (CD-ROM). Indoor environment technology: towards a global approach (Napels), REHVA,
Brussels, 2001, p. 1-15
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AL b All) As) N e 58 S Gy
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Copmlall ) aalad) 28 el ¢ 158 Cpals did) 5 panaall e ladie Canad (5 38 e oSl 0 S Ul (B 540
Aaill Jae (lacal 8 jaudl 4 e oLiY Lulul) clical gall 5 juleddl b Lad SX 5 (Sl
: ! [hadid 2002] JGIS a5
paall ddas gia (N5 e 8 e 4 )2 2iH 5 manal (add U e
) ALY ¢ Al Jeall Gig ok e S8 sl dee )l paia) (8 aebiy suleall 028 g L)
(Ol g Uadsl) dpmpdall yie ol (e Lgilea
A8 jall Al Cilacal sall ¢ Y
D geall A e 3 ga (ga 48 jall Al 5 iy dail sa qaen (0S5 ) g -
o 12000 ans 10602 ms 058 ¢ b _all 5 -

aa) gl el jiall il 5 900s 2% Gl cang 4yl Jaula ol yagaill Al o<l AGESH L a8Y) aal) -
(oAl p2all il 5 300) L s

A IS8 A1 (grounding) o B ab o sy -

O an 1200 J8 YT e Ll ) (e Ll ga 4818 de Hlb Clalise e Gl Jeand o) cany -
AL e e 90 5 paY!

el A6 e Jiy Y oy 48 el (ol gl ) -

A8 palh J8Y) e aal g Citla 2 ga g Jiady -

-l Bl

1 Islam mhd abo al-hadid , Network Administrator Assistant , http://www.bayt.com/ar/specialties
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Figure 5.3: The building can interfere with the
natural energy flows in different ways.
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1 Saleh, J.,Mark, G., and Jordan, C. (2009). Flexibility: amulti-disciplinary literature review and a research agenda for
designing flexible engineering systems. Journal of Engineering Design, 20(3):307-323.
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1 Prof. Dr. Oliver Englhardt , advanced building skins International Conference on Building Envelope Design and
Technology . Institute of Building Construction Graz University of Technology, Austria Page.272
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2. [Loonen 2010] (.. i

1 Bridget Ogwezi (2011). Multifunctional, Adaptable Facades. School of Construction Management and Engineering,
University of ReadingBuro Happold, London, UK .

2 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building &
Planning Eindhoven University of Technology , 2010 .
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1 Ulrich Knaack,Tillmann Klein,Marcel Bilow,Thomas Auer.(2007) Facade Principle of construction. (VoI.ISBN 978-3-
7643-7962-9,PP.14) Berlin : Medialis.
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1 Holihan et al (2003) How warm is an Igloo?, Cornel University Library. BEE453 - 2003 Student papers. [accessed
18/04/2011)URI: http;/hdl.handle.net/1813/125]

2 Abstracts of Conference Papers: TSBE EngD Conference, TSBE Centre, University of Reading, Whiteknights, RG6
6AF, 5th July 2011. http://www.reading.ac.uk/tsbe/

3 Schittich, C. ed. (2003) In Detail: Building Skins. Shell, Skin, Materials. Base,l Boston, Berlin. Birkhauser

4 Wigginton, M and Harris, J. (2002). Intelligent Skins. Oxford: Elseiver Science pp. 13,19

5 Gershenson, C. Artificial Neural Networks for Beginners [accessed 28/05/2011 http:/arvix.org/ftp/cs/pa-
pers/0308/0308031.pdf
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1 Ferguson, S., Lewis, L., Siddigi, A., and deWeck, O. (2007). Flexible and reconfigurable systems: nomenclature and
review. In Proceedings of the ASME 2007 Design Engineering Conference, Las Vegas, Nevada.
2 Davies,M. (1981). A wall for all seasons. RIBA Journal, 88(2):55-57.
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1 Tillmann Klein .(2013) . Integral Facade Construction , Delft University of Technology, Faculty of Architecture,
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1 Tillmann Klein .(2013) . Integral Facade Construction , Delft University of Technology, Faculty of Architecture,
Architectural Engineering + Technology department .
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Architectural Engineering + Technology department .
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1 Passive design Strategy

2 Porteous, C. andMacGregor, K. (2005). Solar architecture in cool climates. London: Earthscan.

3 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building
& Planning Eindhoven University of Technology , 2010

4 Wigginton,M. and Harris, J. (2002). Intelligent skins. Oxford: Butterworth — Heinemann.
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1 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
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Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .

1 International Energy Agency , IEA ECBCS Annex 44 Integrating Environmentally Responsive Elements in Buildings
(Part 2 Responsive Building Elements , Energy conservation in building and community system programme 2009 .

2 Asan, H. and Y.S. Sancaktar. 1998. Effects of wall’s thermophysical properties on time lag and decrement factor.
Energy and Buildings 28(2):159-166
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Surface mass activation 4 all 7 shull Jedi jualic (]
Core themal mass activation 4 sl 31 ) Juadi (2
) el (e Jandil) Alee 8 padinall (gl pall Ji jmic e loliy Caunaill (Say g
alic Gada Gilel b Guali e aaiads Ajrborne Systems o sel) alasiinly 8L dadal) (1
Sl Termodeck b sa il A3+ Jlia ) 280l 5 3 ,all a2 5 U e el sell @ aty il
pd ) Jsudl
Al sl alic g gl 2ol Jals alai (e Lgmen (S s S Ll | jled 51 all mand Al
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1 Cauberg-Huygen Raadgevende Ingenieurs BV, 2010 . Designing with responsive building components . Aalborg
University Sohngaardsholmsvej 57 , DK-9000 Aalborg ,DENMARK
2 Ground heat exchanger
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1.2 Meter wide by 250m; Hollow Core slab soffit unpainted

Air inlet to each slab
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Sl L 5 | jled uadill 551 0 335 olially

133



CGiad e & A el L) 8 Al Alall cilgal sl aalic alaind jubea s cullad Al

Gl ) 2020 ple 2 Jsasll Caigs s Aaalal) Clgal gl Tasad ki€ Jadill dpalald JUsS
Calie Al 8 ¢ ) saals Aide (A S il Lile dgal s pgai oliy o5 Al 4 jia e
il Bl

ol Le Ll &5 s BIQ 1 Lwial o Bio Intelligence Quotient House (kY il 138
) sine Apdadall ela¥l e | oa A8 wiima ) 32l sb gl e el s dissdl Y50 053e 6.5
Ladie ST 5 (5 gaall Sl dlany o 685 A LGl oS JSI5 cala ) g5 Jelie 129 Gaa
- el A8 il VALY gad) e e G (S < il oda G ) Al el (355
(101) A JSE ki

(101): 4, Jss (102): 8, J&s

S Gl Sa¥) Gl b dgal ) jaic
+ IS dgal I Jeas

Aalall (50 Ly 8 Jasil Craana g (caall 4 sind) Agal 1) o Cuan LS 4 oad) Ole Ll i (]
S5 5 o 266 4clii )l 5 (pn 7.62) i) 3 LeiSlew ygla IS | el s ) 48 sl
CAlallzla ) (sl e ol e Sl 6

sl e Gaa s il g st sdl) g olaall by 5L aladall Ay sball o 52 dixs alai a5 (2
e sgl) (o clilla | azm y Y1 aidall 8 Al g e pale il e 3l 0 s KU 0l 5 5 o123l Gl
A3 mhaudl LIS e b a5 A Jaed lain | i o) 8 iS55 (e Qladall giad b gracadll
4 Al Qllsl) Sl Y s sl

134



CGiad e & A el L) 8 Al Alall cilgal sl aalic alaind jubea s cullad Al

Gana 31 pall A 3 Jaa g O S e Lasa ¢ (i Lae 30 a5 aladal) IS Lasie (3
Gl A A oball A 5 dalae e 550 e el JiE | (o gaenli da 1040 J s saad) Jelial)
A 5 R sl 1 ol Tl S e g s it
b dsmpall Clalll S il i 5 8 (385 dalall e 325030 AL slaal | pleaind)
) lae e (388 a ) D8 LIS il ja Al g 4 sl e i)

Slsall e J sanll llad Cum daalall ot 5 slall (e lladall ¢ 58 SV e g sl US (4
o soued)

38% 2 5l alali il 5 10% (2 &y sac LS ) ¢ guall Jysadidles 308 o )3 LEY) any

{ 1o
®
o
-
&3
.
¢
L
‘:.
4
.

(103): 68, J8a

Y isal) il Al 5l ¢y A3N) alade

S slaall cpans Aadail 530l i 04 15212 ellai il dnsal) 4 i jo<I LAY ae 45 jlially
433 ) Ayl bl oded s Luadlia 3y 5V 3 sall 138 (8 318 4 9 65-60 <l

sl gall e s SI aS ol S e e sall panlis e
iall Ay ) all ALl Jendt) Jad e Leiadad Sy Jendill dpala G i) JUl jeday LS
A Y Jandi 5 AUl w58 Jnd (Sans Ji gl sl pealial 4 jal) dadl (e BaldiuY

135



CGiad e & A el L) 8 Al Alall cilgal sl aalic alaind jubea s cullad Al

s . [ 8 o ° ° 4 3§ 1 [ fA_on__°
C 1] [ L. [

I ’ I Iy

O QOQ O OQ

[

|

|

|

|

|
| |
: :
| |
D © o Oo|
:
|
|
:
!
|
|

[ ) o .
[ e 0
[0}
I o o o ° o
| o
[©) o
| o o
[ o
| o R o o °
| o
(I ° ° Lo
in |
n = : : : : : : : : B :
" L__ 5 — : ] : : I I o
] | IJ |
\ "o o
ﬂm i . B : O D s
‘
|
|
3 4 6 7
Gz ylod) donod) dyyol) S ] SolarLeaf external louvre
OYgexdl i @)l Jils o Sl gl 2 Brackets with thermal breaks
ol ISl for the transfer of loads to the
. primary substructure
wblels 3 Pipework for the medium to
enter and leave
U ghis g9 S 4 Sub-frame, rolled steel U-section
ghsd sge Jgz Sl 5 Pivot fixing allowing rotation
lko sl 6 Metal cladding
Lilie U8 o 4y (Sous slga b 7 Supply of pressurised air,
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i JIE 48 phl) s3a, Unit system <olas s aUsi€ adl 5,38 o jualiall oda <oy | e
ol B 88 e Ba dpaadll paliall aaeadl o 53U

Ulrich 2007 saadl (105) : &, 84

il oL (e Q5 s e (Say 5 (isall ladi jualie (e late qand Aaal) dgal 5l
il 5% VA Lgisanit Koy Aardll pualic (S

soeal 5 Jallaill 3 a5 o gualls aSaill 8 jead 5 4y sqill 5yl 5 A8il) Jie ailla gl pen (S Llls
Agal sl G dpsalll A8l Ldil) jualic 5 43 gun oSl el Sl A 6 pualic 5 dpeliall 3 LY
s sall Clan gl araal fase s aend Sy Cailla gl o8 5 38 A IS, AlalSiall daendll
JS dmia gall ClaliiaW) Cus dgal o)) ananal G )L LAl =i Ls Unitized Facade
Go u s el Alpall cillliia e Uie 438 je pall 536 Y) IS8 AN Cajlall e 5 (lSa
5 AN Ay (58 je w858 jead aladinly b il st Qs Ayl AeSaiall duigll adad
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Al e i 3 e S5 o AN Gl e iaal) s ) A AN 2ad) )
M IEA 2008] 48all s 8 se dllad ylxi SIS (e ddalall Aal 11 5 j23 5 LY 5 45 563 5 2yl

s aga) ol LS 5 (o lenal) JSEN (e Jalall s 50 (1.9.4.2
il gl (e el a0d g LAl g Jalall e V) dealdl) o (3l Caliadl il dgal 5 )
4l o dadozall il () o5 Cupa iladall (e 20 (e Adl 5 Llle a5l ()5S0 il sl 03 sl 5,
JSued s ) 5 AY) il Sy (Aliie 43053 ) 13 aca Cld g 3aa) 5 33l (ge Balal)
PN
.2 [Hegger et al. 2008; Figure 5.7] cuas dgal sl yabial Ca) 5l (o Jalail 3 22 59
) paic (358 padage slall Lo oLuS) JUie 1 ualiall Juad (1
Sy A0k g o o Lagie JS (ST (dliae (pidala 5 (53 (p paie pan o Giag 1 aliall aea (2
dgals s Gan JHlad) i 58 Jie (S5
L eaial (o Cun Cailla sl (e 23y dwsdl jeainl) o iy Ladie (Giny jealiall max (3
all calia 48k 50 (1load bearing monolithic wall ) a & o) alaal) alae o 68y o

segregation incorporation amalgamation

i
E

addition of lavers partial substitution of layers

complete substitution of
lavers

Ulrich 2007 _xadll (106 ) : &) JS&

Slaal) Joad (3 liadall e Jad (2 il Aila) (1 2 s JISEY) i 55 cpadll ) (10

Sl sl saa ik sac ddlal (S das sl 25 ge e peaie elal 333
Wi 3 s e el ela¥) 3Ly die ST Sy andiias a1 ol

1 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .

2 Looman, R.H.J., Van den Dobbelsteen, A.A.J.F. and Cauberg, J.J.M. (2009) Climatellresponsive design [ matching
supply of renewable energy sources and energy demand patterns in dwellings for improved comfort in proceedings of
SASBE2009 conference, Delft.
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IEA 2008 _aad (107) : &, JSS
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Exhaust Air ¢l sell 2 )b -
Supply Air s sl 25 3 -
Revesible Air Flow (Sall Jilal) gaxil) aUas -
Outdoor Air Curtain 4es LA 45) g¢l) 3 1) -
Indoor Air Curtain 4dalall 450 5¢ll 5 )Ll -
Sulfurcell Headquarters Ju ) sl 4S 15 jia dpaldl) sda 48 Craddinl il JUS
Ulle Alles Lad 53 058 O Bay el sLEY) Gb Lald S s mpanally 4S80 oda i
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TEA 2008 _xadll (8): a3 5a

Sulfurcell Headquarters Jw ) sils 48 55 e

Cob, Wlu ddhaidl) da & il (2l 5 dpsad e ga 5 0Y) e o 3 ga gall G Nl juaiall
-Gl S ld 0 685 G Aga) 5l sy Lae el dgae doala 1 #1511 e e (e callii Cilal) 530
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G2l of (e e 138 5 Ly Gl (e ey B 36 5 AN (g0 (5 565 psadll Agal 5l e
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IEA 2008 radl (108 ) : &, JSE

Sulfurcell Headquarters Ju silu 48 )i e 4561 e dgal 5l jaic dluas

s el ool plaall e ity O e (S sLuSY1 138 A g sall i sed) ¢l ()
Go Alen (say Al - shaal) £y S A6 35y 5 6 pdlall uedl) Aadl e Jomas lasl— ade
A Al Ay ) dal sall

ALl (slaty Lo 1385 A8l (e aall claliad G 5 68 el 33 58 gal) Ade 900 ¢
e 253 ga owad A8l Al 3 5k e Leinald atd 48N el colaliial 8L Ll dgal ) Lgiasi A
LY 48 e mlan

GreenSource] 4wiiy sl Lo Al Bl e 9% 100 i 3Y) s o Gacar Las
'[ Magazine 2008

1 GreenSource Magazine , Emerald Architecture: Case Studies in Green Building (GreenSource): Case Studies in Green
Building McGraw Hill Professional, 2008
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IEA 2008 xad) (110): o8, d<s TEA 2008 i) (109): &, <8

Aall jaie Aluais Agal Sl A pualind) zlasi) ain gy IS

ol Calaal (3o L 2l Allal) A o ) 53 (30 Analn RIS 5 sponil s slaY) a5
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Intelligent sSY  10.4.2
o LS ASA clalaall G yas
osihall (e dleall diaiadal) dahiall (e 33 o 40l jualic (pe Cilse (a5 sl de sana A
) 4o sl Sy JSG il Sl (g8 S Lebaad (S aila g 5035 Sl 5 sl ana
. T[IEA 2008] A8all eBlgin) Jil o dal )l o Ladlasl Anall Aill ) sl (o 50
Agal sl A0l ACalin) Ala (e Agal Il JiE i dieLoaall Cilgal sl Allay 3l Loy (1S3 a sqda
- Sl Jeld &ld
el Clgal g Canpal cpall Gl die 541 Caiald 1980 ale 85 e J5Y ariinl S5 alhias
el ol (e S andll s LAl 5 il JKES Cun LKA Ll 5 08 anly Co el ) jae Cpanal
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&l yay) MMME ki
(o) - o (ASaalins)

Aakill i
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Perception Ana.lyswsland Response

Reasoning .
(Sensors) (BMS) (Dynamics)
—— | — N———

IEA 2008 Laadl (111): 68, d8%

1 e o
sl e Jelitl) a5 ACuliall dpaldl) sy callaly S3 juaia€ dgal )l Cauay ()
et 5 () a3 S A8l gl (8 58 Gt Ja (g el il qe g Ayans sall 5 4 )Ll
C oSl @ Ll G e Aal) LISl o yiad SO Cay lad anen

. cilgal) o) A slSY)

Clidad 8 alelind jaaeS Gl dpeal jedas LS Cilgal sl Ay A1 o o\SA iyl gl
e e lSA ) Slile llle 5 bl ATV ) JalSill (e oS o seia Guaad (a5 4SAN 5 jlenl)

YUl Ul 3Me) s it gl o) guiaY) slidal 5 Jdi Died A0Y) ddiall Zgal sl) ualic s Lavie J8
M\ :\ASBAS\UAQ 2eng eq;; Cln &JJ‘;SJ u‘)\_ﬁc\ .’

1 International Energy Agency , Energy Conservation In Building and Community System Programme Annex 44 (State of
the art Review Vol.] State of the art review by Oyvind Ascchehoung & Inger Anderson ) . Published By Aalborg University
Department of Ciivil Engineering Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark .
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O e ()3l 6 (et el ) abaal) Aadiall L) Andlae 8 jlee s i dew G (1SA)
! [Clements-Croome 2004] aeiin 5 sl Jala cpikldl)

Ll LS A 2 LS ) A e i e

Al - At ) Y1 o jualic Joasd e 48IKH ALB datie Ly g A sl sa (SN )
Ol 5 e Y 5 SOl ae L RSN Shad) | Lgiy Lad il 5 50y | cileadll | (Sl
CGasndill g saal) By A g pall 5 Gla¥) s dal 5 Al CYlae L agdlaal Gl oY
by 5 Jslall Cada i oa 400 Jia¥) oSN | Ly el Ji&y ol eay oS30 die llia a2 g Y
S[iBuilding Website 2010] pasiuwall cilalay

Intelligent Behaviour S Jadll cay 25 1.10.4.2
Eon etV Jasi pall oIS jlsay aday ;) ngy (S G paaill ailiad Jsa 3 jall 48 jme Jal (e
25 [Wyckmans 2005] caeny ciliall Ja5 o) sy dawsi ) ailiad Aoy )l a5 o3
it Jalail Jiil 40l (]
S Jal 2L (2
daysall ) ae cosll 41N (3
oyl ilaiall ) a0 AL (4

;S Caleall (ilda s 2.10.4.2
UL dadles 5 Ailaiall daSlaall 5 @l oY) e  SAI Calrall L aiay Al ASL) Gailiaall Hhailly
t 2 4 [Wyckmans 2005] (S caliall alasiuly Leaatl Calaal &3 50 Ca paill

1 Clements—Croome, Professor Derek. Intelligent Buildings: Design Management and Operation. Thomas Telford
Publishing, 2004.

2 Intelligent Building Institute (1BI)
3 OiBuilding Websitel, n.d. http://www.ibuilding.gr/definitions.html.

4 Annemie Wyckmans, Intelligent Building Envelopes(Architectural Concept & Applications for Daylighting Quality),Doc-

toral thesis for the degree of doktor ingenigr . Norwegian University of Science and Technology Faculty of Architecture and
Fine Art Department of Architectural Design, History and Technology 2005 .
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1 Selkowitz, S.E. (1999). High performance glazing systems: architectural opportunities for the 21st century. Lawrence
Berkeley National Laboratory Report No. 43332. Presented at the Glass Processing Days Conference. Tampere, Finland.
2 IEA (International Energy Agency) (2000). Daylight in Buildings: A source book on daylighting systems and compo-
nents. A report of IEA SHC Task 21 / ECBCS Annex 29. Berkeley (USA): Lawrence Berkeley National Laboratory.
LBNL-47493.
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i
J) 33l 4 caadinl Al -Festo TechnologyCenter, Esslingen (i ba3h JUS
Bl gl 038 5 zla Sl it hasS oLl oL (968 44 gdie il y A e AISA 548 I ETEFE
AL A8l A ey (el & Al 5Ll UV il (558 42 aaa e 3 jail) ellia
3.5 U Jie 25 Jdhai sl 5 e 5 200-100 ASkew i3 cilisda (e A 2l gl) 020
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Wyckmans 2005 saadl (116) : 4, S

A A5 A S ol

alall 08 5 Aaladl die & jura = o) e plaRTL AL 5 paiie K0 2 gl (ania o) sgl) aria )
OIS el il Ui Y (e A3 Baliae 5 BIASUALE e

elay il yay 4da0A 5 L jlall solugll e delib 4 &5 2001 dle A Lol il 18
ply JSE Hha sl oll g el 5 edal) Alls & o Lall AR )al) 5 HUY) 8ok aSatll e oSl dpad Hladi
C el Ll Bl ja da jay aSatll UL 5 Ledada 4 gha 1) Baly 5 2l gl) 2y 55 (S

1 Ethylene Tetra Fluor Ethylene
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Wiater situation Al s Suner sltuation Cauall alls
Solar shading off 2 ga  sadll Jullall Solar shading on Jale el Julladll
* Laccls — 7‘-:3@3»3-& ““"J-‘L‘“_J:‘“"*E-‘L = Ligh

Wyckmans 2005 suadli( 117 ) @ &) JS5
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Wyckmans 2005 sxadl(9) : b5 5a
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1 Low —E coating
2 http://www.festo.com
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Interactive JeW&ill ,11.4.2

e ST Ulla puial i 3 Al Jlae S s We (555 o gl ey Jeliil) allacas
2283505 dgal 5 aladiuls G ey Jeliial) i) Calie (b @ll3 e ae I ey clgal sl Lgaladiud
o Albia e Al sl ae sk ah Gt palddl 5l 3Ll ) Akl Jeal Ggulall 46
o) sl Calea o dgal s ) oY) 5 T [Velikov & Thun 2012 ] 41 ¢l al 5l cilals
- Opeddinaal) Cilala Gabai Al 5 Gania ddpenal oy O 5l Lty s 5S35 el

50 (s (A S pall A8 @llgins Y Al GreenPix oSu sl dgal s edai JU Jaw e
ALES Jard oS el D Agal s e Grediinsall g 5 g sanan pe Je i Al g (0S5 (A 48 S
Sl 3 A san o et isall Tuala S gl gl e Giakaally il 50 0855 i e
. 2 [GreenPIX 20097 deal sl 3 LY Ul Lealadiu 4

GreenPIX 2009 sxadll (10) : 8,3 )5

Apadall & g peSH LAY Alaii 5 sl e LED 55 juslie: (10 L5LE gl Jails sl saxia dgal 55 ) sual) 3 el GreenPIX oS (s s
e

¢ sany aSaill LSA) 53 a5 98 5 Pixelskin JasSod) 8 i cansy 73 sad & Lpualall o2 el
Al (e Jpadi 3 A gl dpdel (S Glulula 53 jruae s aladinly doa Al ABUYI el
83U 44l 0 Sachin Anshuman J8 (s decadll Zgal 5l 258 | A Caal 48l0d Ala] 2dles
Ao ganal A8las sl i V) Jalis Jy saty Lo Aaadall i) o 585 Lgia (add (o 8] LalS8 Al i

. * [Brownell 20097 paiivall go Aelii il 321 5o (addll 3 3Y15 ) slatia al il

1 Velikov, K., & Thun, G. (2012). Responsive Building Envelopes: Characteristics and Evolving Paradigms. In F.
Trubiano, Design and Construction of High—Performance Homes: Building Envelopes, Renewable Energies and Integrated
Practice (pp. 75-92). Routledge.

2 GreenPIX. (2009). Retrieved April 19, 2012, from GreenPIX: http://www.greenpix.org/

3 Chromatic Films

4 Brownell, B. (2009, August 14). PixelSkin01. Retrieved October 25, 2011, from Transmaterial
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Everett 2009 Ashuman 2009 xasll (118) : 8, <&

el o @ gulall aladiuls 33l ga 8 ) a5 el e JuSull 3 88 dgal 5

s delall JIKE 1.11.4.2
P Yl EOE DA (e Jasaall o gl ae Je i) JISET aaas
A )l e Adalall Al e ;- Aplull AW (]
A Jall Lll Jasma 5 Aean )52 Jani 5 Ao LAl Al e dgal 5l Jeldi Al A (2
Clladl (A 1) J gad Ganal ; Al AN (3
e sl il gl Apeal ) o3y LA 5 AR i) 5 gl ) 5 el pan] i 5
Gl Al oSail) 6 Jasilly ulalall Say Woagl o el el o sgde @l ) 8 bl i
.. [Fountain et al. 1996, Mahdavi and Kumar 1996] agial ) sy
Lete A8 jall s ASalinall 483 a5 el gl skt e Ulla Alal) Al <l dalasl) S 5
ol el 5 sea Lt s saneial) Lailus gl alasid e e L Faay axiiivall cilalin) g Ledas 5
Cdelil) dals e cilgal sl Jaii () L 8 @ gl e 5 J sanal

1 Looman, R.H.J., Van den Dobbelsteen, A.A.J.F. and Cauberg, J.J.M. (2009) Climatellresponsive design

1 matching supply of renewable energy sources and energy demand patterns in dwellings for improved comfort in
proceedings of SASBE2(009 conference, Delft.
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Db LS Al (e
LU gl el (e Cuniny jgad gl Jad oa Gl ple (1
[ 2009 2588 51 (a 5al8 | < Sonall o (520 5l Sinal Slea cunion W e Al 455k (2
e 20 138 g Seaal Al (Say Jad 2y il Cunituall Copuaill Copmy O (S aill 138 (e
bl 1y jlene |y il 138 50 () Sy £ 1aY) (e Gama g 58 e Baliad) Cangs Al s 4
Waiall Cargll 050 #Uall Cumioaall 2@l Mol apanatl) Alls 3| L) gl Ul 38 1 yuas sl dgal sl
Caglalalas) ) e
Gl 5 Fliall Jsa 58 sial) e sbaall s 3y @llag Fliall o jlae JSG Laiud ad o sall 4
Gl ] lain D dgal ) Lgeadind dualaS dlain) Gpawad v JUlL 5 uidlll 4855 e 5 a8l
il s el dadail g 458l daalil) 3 oY1 e Laliall dal (e Fliall pe oSl Cora (giad F L)
ALY Al 5 aall Jplil (oSS adas
A e At dualad dlaiaa) cilagedl) 8 i il Crind 28N 5 58 gall Jlaal) el Wiy 5
Oania Lt 5 de sitall Lalial) Cila slaal zad &3 5 Apdliall e sheall e dpaivud) 48Mall jaa
prasalt a8 A5 dgans g0 oty Lgie (lapmil 5 438N S ol puaill A gie padl adll a5 Gl i
ST ) Jaa Coags 5 e Canal) Juad L dans gial) 3 ) all da jadad e el lad) cileal
CAggilal) Flall Gyl dpulies ST Lglea Cany 48Ul 50 S
¢ b LS Apniaal) Cilga) gl Cayas
QS (gat Cangy AN ) dpn HAN) Adnaall Al s e Jad 2 as8 ) dgal ) o
' [ROE 2013 ] (sl d8Ual) BSigind
Db WS S Aty (ailiad

Lty blal 1.12.4.2

O wanll Jiady laal) 138 533 yaall el | jals duadiieall dgal sl elal IS 13) Lad 2aa3 Y 5 oy
5 il 4 gl Akl g dpadiil) dieLiaal) cilgal o) Jia cladl | jala | i ellics Y ) il colyiss
A 5kl Alaiay) aladl 2ot 550 yaal) puall Lgilaiaal elat Al Cilga) gl (ga a2

1 R. Stouffs, P. H. T. Janssen, S. Roudavski, B. Tunger (eds.), Open Systems: Proceedings of the 18th International
Conference of the Association of Computer—Aided Architectural Design Research in Asia CAADRIA 2013, 000-000. ©
2013, The Association for Computer-Aided Architectural Design Research in Asia (CAADRIA), Hong Kong
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LilSae Lo aSaiall dpaal) usl 5SU 5 o el Jie 1100 IUSE 34 o Sy 138 5 (uniasall
OGS Died fige 39y sl Anpmall Al ) jail An i€ JSEN puadl aldall AY) yue s JSAN s (2
a0 il e ASa o) g0 a5 AT JURS 51 2L 1) ae ) e Cilgad 1) (8 45y 3 g aladil
@ obarall 5 sk Zagad Jha Sy ualll 5 ) jal Leaa ot laie S5 Ledaay Laa AdliAa addy 24T
. owde JSG b duada d¢a) o Yadon

5 Sise e sl shunal) Al juail dagis of gall (5 pead) jedaall juai ye : LAEAY o) ¢ oll) i3 (3
skl i) o) sall 5o gaall Lpazm ya 5l (S0 568 b Ly pay i A ol sall L ALl 2 3

Aoy 98l all Cla IS A ja 3 ) smr 4 e e Sl slae (1 ym dgal 58 ¢ lilad) Jledil (4
e 5 AS Al I cla s )l ledaY) Lete Gk e iy skl 5 2L

CSay Lain g (Ba2nte Lol 5 (ajlaS ) Gulill Lgia jmy 5 400 50 e ULy (3831 (a yzy Jaaill 138
Sl i a5l 4y Leliet Sy Aatond) dga) sl 3 Alualal el sl A6yl LLaW) o3 U

1 Phase Changing materilas

154



Giad Aipda o Ay el Sl 3 4l el cilgal sl jealie aladinl yulae s collud 4l

Alaiuylde ju 2.12.4.2
ol LS i 00 A e s i (S
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s3gd JAI | Al J s 1 5t sy el JA Gy 3015 gl sl i by - Alapall (3
Okl s Jalll JBA ) shall 3 a3 sall Jsa3 sa A

BAU 2013-Bericht bxadll (120) : &) JS&

o3 and A Lea a5 | )les ) pall el Cum (usadl) @ LY (g pan 5 L)l 2 Y e JS35 (Glass X Crystal ) skl B aale
st n (om 15yl (583 5 inall gl ¢ gm0 Cm Famal) a3 Funbo 3 gl 3 Ul gl 1

cALILY) e 3.12.4.2
il giean 5 e o 50a il ()55, Laie
il cpnll 5o s il L 5 5l 3 a5 sl Lo Y padl g 5 ;s all Ll (1
caaly iy S Al ey (b eI Ll aea s daty 455l 3 zla Sl Sl
Sy sraall (e b g A pal) pualiall s je il 13a ¢ &Sl pualind) (6 glana Jo i) (2
le ) 5e ) (s o Allina 3 yuiia jualin€ (5 i Y
i OIS US55 S Aymiadl) sl ealic ¢35 Gabiall s e 3 uainl) 5 ginna lo i) (3
bl ol e Aliae yealiaS Lgbaiad
O Ul Jas b i aal) (eliay Jai ja 8 o lillaa aal A1 5 S5V (s sisal) (g el

1 electrochromic glass
2 photochromic glass,
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wyckmans 2005 sxadl (121): a8, J8

Sauerbruch 2000 suadl (122): 68, JS&

GWS e 0 Bl e §ea SilS Lgilainl el 5 saldall J i 4y jlas
e ABUl e s S Lgilatul jelai 5 gl Jsha e xiad o Gl e 50 g o

38 )il ) - sidall 5 Glaall aSatll e DISE Lgy LeSatia L) Jaad 5 WSa 5 a5 58S
+ ool LS 0 i) i (S (oSl

Aalall s 1odlke cuatual paiall Jeaill 48 ) <3 Open loop Control g sidall alall) -
G S i) a8 534y s o bl 5 (A0S e pSatan g ) (AT Al 8 bl Jolail
it A Gl Alaiul) Ao jun i Laiy

5Ll Liallae 5 Glubua J8 e ULl 48 3355 Closed Loop Control (3lall alll) -
Clubual) (e 32l Lgie Cluala elliag 5 Lt JiS) aUas a5 dpadivall pualiall jal 5l laal
e alal] QUsil) 13gd Al 5 Alaiu¥) e palill IV A8 jaa (ge Wiy duela il 45335 oUaiS
i) Gaeadl lehaad 5 Aaiu YU aSaill axddival) adll Joaed 5l Jai 4lSa) iy 5 (e )l

1 R. Stouffs, P. H. T. Janssen, S. Roudavski, B. Tunger (eds.), Open Systems: Proceedings of the 18th International
Conference of the Association of Computer—Aided Architectural Design Research in Asia CAADRIA 2013, 000-000. ©
2013, The Association for Computer-Aided Architectural Design Research in Asia (CAADRIA), Hong Kong
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< padl 5
DA (e (uihall el paali] dlainall dplSay) elliag da gidal) dala) 53 Jaguad) alkail) 124 ¢ Aol
ASaalind Lgie il piall (e 58S o it Lgd 58 Lgapi Gy A8Ul) il il ailSae) (815 el s
Ll L QU o Sy pualinll (58 5 (il wdga 5 31 gall A g sa 5 6] 56l

1 Nanosolar .com
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ROE 2013 saadl (1124): 68, d8S

s Ao Al AUl Al ( Gaes Jolés 2l 5 g3y Aalaall Aalal) culd Aadiall dgal ) o34 ; Al
. Qe JS5 dgal sl 03 (5 5an Al g Ll 5 JAAl) b aadiaall lals
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1 Electrochromic Glass
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b g3 o (Sas ! [saddigi and de Weck 2008] slill 1L (anill Lpavy LS 51 ) olaill 4108
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il alkas Calaal (1
ol 44 (2
i Calieal) alai (3
! Ayl Gl e Jysad e Dl ) 50 Caaly ) Ciloal s () olaill ALIEN cilgal gl &
Joaill Zliad g daidle e praal Aeddll il dadail 8 Aladl o8 Jia ig il ddiday yas vic
- gl
c Al el 8 ad giall Fliall st D il 4y il JAS
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2 [Loonen 2010]c 3

1  Siddiqi, A. and de Weck, O. (2008). Modeling Methods and Conceptual Design Principles for Reconfigurable Systems.
Journal ofMechanical Design, 130(10).

2 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis (ID: 0570677) . Architecture, Building
& Planning Eindhoven University of Technology , 2010 .
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B ventiation Fans 0 0 0 0
() Lighting & Appliances B7487 262462 699901 24828
Tolal: 443697 262462 699901 24828

(Salll)  Laaall (140 ) @ 48, JSE
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Lighting and Equipmeant
B ors mne
Supplied Energy per Month Added Latent Energy

| 536 135892 MWl
— ._!_-_!—_ . Human_HEal Gain
._-_i_._-_-_!_ | 40 759152 MWhia
— R = . Solar Gain
o e o 30 3379212 MWhia
. Heating
28854 8 MWhia
. Transmi ssion
128.5 MWI/a

. Transmission
115554 1 Mhia
Infittration
5046.0 MWh/a
. Vertilation
196026.1 MWhia

- Cooling
2263750 MWhia

Emitted Energy per Month

Energy Consumption by Targets

Energy COo,
Target Nama Quantity Primary Cost Emission

a KWhia SPia kgla
[l Heating | T 0 0 0
B Cociing 296375 0 0 0
@ Service Hot-Water 0 0 0
B ventilation Fans 0 0 0 0
@ Lignting & Appliances B7487 262462 698901 24828
Total: 3427117 262462 699901 24828
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Lighting and Equipment
874876 MWhia

Supplied Energy per Month [ ] Af;’:g ﬁ:\:‘;s"er@y
. Human Heat Gain

THO15.2 MWhia

Solar Gain

210653.32 MWhia
. Heating

37305.2 MWhia
. Transmission

15338.5 MWhia

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. [MWh]

-0 T
EEEEE | n_ . e,

T Infiltration
Lo 43794 MWhia
. Ventilation
—t30 177008.6 MWhia
Cooling
40 B o

E ribbnd Erarras roe Db

Energy Consumption by Targets

Energy CO;
Target Name ‘Quantity Primary Cost Emiss ion

— kWhia SPia kgla
| i Heating 37395 0 0 0
i Cooiing 191342 0 0 0
[ senvice Hotwater 2 0 0 0
B ventiation Fans 0 0 0 0
@ Lighting & Appliances 87487 262462 699901 245828
Tolal: 316225 262462 699901 24828
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Lighting and Equipment
BT487.6 MWhia
Supplied Energy per Month ] A‘:g:gg IET:\:-:,EFHW
. Human Heat Gain
T5015.2 MWhia
Solar Gain
102136.3 MWhia
Heating
I3214.1 MWhia
. Transmission
E2162.5 MWhia

Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. [MWh]

—_ 0 Transmission
I . . . . . . BO8T7.3 MWhia

—T 10 Infiltration

38414 MWhHa
—T20 Wentilation
. 150242.7 MWhia
—T 30 a Cooling

141695.1 MWhia

Emitted Enerav oer Month

Energy Consumption by Targets

Energy CO;
Target Name Quantity Primary Cost Emission

fiva ] kWha SPla kg/a
| i Heating 33214 0 0 0
@ Cooing 141695 0 0 0
) Senvice HotWater = 0 0 ]
B ventiation Fans 0 0 0 0
Il Lighting & Appliances 87487 262462 699801 24828
Tolal: 262396 262462 699901 24828
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Cooling load Heating load

100 % [Kw/h] 100 % [Kw/h]
e Y Al -] Al
%100 | 279828 | % 100 76318 100 il g+ g 10 i+ gla)
Low-¢ «aelaszla): 24l
% 80 226375 % 38 28854 QS jemie (5 oSl dpuals
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%68 | 191342 | %49 37935 e
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Supplied Enargy per Month HVAC De3|gn Data
- — [F295.3

Lighting and Equipment
- 162793.6 MWhia

_ e PB-B-B-m— om0 SolarGain Heating Demand
Thermal Block Yearly | Hourly

. H::ZIg;g? 9 MWhi/a
(W] | Peak (W]
5177

Transmission
(500 1an, 4

Intemal
Temperature

Cooling Demand
Yearly | Hourly
[KWh] | Peak[kW] | Min.[C] | Max [C]
1931 150 a0
16:00 Sep. 15 08:00 Jan. 04) 2300 Jul. 08

B 7.7-77 7777777 _7.7:§D

1293972.8 MWhia

Transmission
318573.3 MWhia

Infiltration
105191.4 MWhia

Ventilation
333844.5 MWhia L1

Rt All Thermal Blocks: 262697

B " sozoces wwwe

002 New Thermal Block 262647 1382068

9.1
100 5ep. 1

1382068

05:00 Jgn. 04

Emitted Energy per Month

(148): 8, J8a

BSLaall mali yy < jeda LaS (V) Al il
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Supplied Energy per Month HVAC Design Data
= _ [ 3395 e Lighting and Equipment
162793 6 MWhVa
= = mm — 200 SghrGain Heating Demand Cooling Demand Internal
lm— T - B BB B To— Lo TS e Thermal Block Yearly | Hourly | Yearly | Hourly Temperature
— = - '——n e e [KWh} | Peak (kW) | [KWh] | Peak[kW] | Min.[C] | Max.[C]
Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. [MWh]
0 Transmission 630.4 9784 150 210
574401.1 MWha
LE_ ___._l ______ aflw i 002 New Thermal Block 371064 — 1615174 e 0510 . 20| 2500 1005
_—7 gy _77_-200 IZEzz’;‘:s‘;;ﬁrMWNa All Thermal Blocks: 311064 jA 1615174 b
— - 300 1615174.1 MWhia . g X
Emitted Energy per Month L 05:00gan. 04 15‘00A"g'3|
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)

Cooling load

) QY}AA
)

Heating load

100 % [Kw/h]

100 %

[Kw/h]

% 100 1615174

% 100

371064

Ll LY A -] A

Osbe aelianzla )

% 85 1382068

% 70

262697

ail) Al Al 5l 2 Al

Sy Qb yeaic + Low-e “ieliaa zla
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Project Energy Balance

Supplied Energy per Month

601

400

Jan.

Feb. Mar. Apr. May. Jun

Jul.

Aug. Sep. Oct. Mov. Dec

Emitted Enargy per Month

Lighting and Equipment
133758.8 MWhia
Added Latent Energy
E737.0 MWha
Human Heat Gain
TO325 4 MWhia
Solar Gain
20737104 MWha
Heating
1551364 6 MWh'a
Transmission
870020.6 MWhia

Transmission
1864 120.7 MWha
Infiltration
323822.4 MWhia
Ventilation
604731.4 MWhia
Cooling
1830502.7 MWhia

nergy Consumption by Targets

Energy CO;
Target Name Quantity Primary Cost Emission

kWhia GBP/a kg/a
[l Heating 1551364 0 0 0
. Cooling 1839582 0 0 0
Il Senvice Hot-Water 0 0 0 0
Ventilation Fans 19662 0 1415
- Lighting & Appliances 133758 401276 0 28891
Total: 3531270 420939 NA 30307
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Project Energy Balance

Lighting and Equipment
. 133758.8 MWh/a

Supplied Energy per Month

Added Latent Energy

0
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Mov. Dec. [MWWh]

— - — T — — — - — e - —T 200 Heating

6739.1 MWh'a
4812 )
—_ Human Heat Gain

- 793254 MWhia

— 300 Solar Gain
— 1374044.7 MWh/2
— ) 13048176 MWhia
100 Transmission

O7TE05.1 MWhia

. Transmission
1319528.6 MWhia
Infiltra tion
210496.0 MWhia
entilation
T84985.2 MWhia

Emitted Energy per Month

.__ 400 . Cooling

A5TOET3.4 MWhia

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission

kKWhi/a kWh/a GBPF/a kgla
| il Heating 1304817 0 0 0
B Cooing 1579673 0 0 0
) senvice HotWater 0 0 0 0
.Ventilation Fans 6554 19662 1] 1415
@ Uighting & Appliances 133758 401276 0 28881
Tolal: 3024804 420939 NA 30307
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Project Energy Balance

Lighting and Equipment
. 133758.8 MWhia

Supplied Energy per Month

Added Latent Energy
o 6738.1 MWhia
4812 Human Heat Gain

TA325.4 MWhia
Solar Gain
B043T9.3 MWhi'a
. Heating
1307258.2 MWhia
. Transmission
1163501.0 MWhia

Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. [MWWh]

. Transmission
1262406.2 MWhia
Infiltration
203545.2 MWh'a
. Wentilation
T40330.3 MWhia

Emitted Energy per Month

.__ 400 . Cooling

12860549 MWhia
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Energy Consumption by Targets

Energy COo;
Target Name Quantity Primary Cost Emission

— kWh/a GBP/a kgla
|l Heating 1307258 D 0 0
@ Cooing 1286954 0 0 0
@ senice Hot-water - ] 0 0
Ventilation Fans 6554 19662 0 1415
@ Lionting & Appliances 133758 401276 0 28891
Tolal: 2734526 420939 NA 30307
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Cooling load Heating load

100 % [Kw/h] 100 % [Kw/h]
Ll LY A -] A
% 100 1839592 % 100 1551364 S o il e+ e [0 i 3 jie gla )
Low-¢ &SNzla):24
% 85 1579673 % 84 1304817 251y gy gati 4 oSadl dpuals
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The evolution of the building envelope as a focus of design innovation in

the twentieth century parallels advancements in envelope engineering and building
science, as well as developments in computer engineering, cybernetics and
artificial intelligence.

Additionally, new technologies, smart materials and distributed systems have
spurred the introduction of biological models for understanding the behavior and
design of building systems and their controls. A descriptive lexicon has emerged
that employs decidedly biological terminology in conceptualizing architectural
design. For example, we frequently encounter the term “building skin” in reference
to the building’s exterior envelope. Michael Wigginton and Jude Harris, in their
book Intelligent Skins, argue that the use of the term “skin” is more than merely a
metaphor; the building’s envelope can be considered quite literally as a complex
membrane capable of energy, material and information exchanges. It can be
designed to operate “as part of a holistic building metabolism and morphology,
and will often be connected to other parts of the building, including sensors,
actuators and command wires from the building management system.” [velik o
v& thiin]'. Building envelopes function as an environmental filter. They form
a skin around the framed structure of the building and manipulate the influence of
the outdoor on the indoor environment, but are not necessarily part of the load-
bearing structure itself [Glass 2002].

Within the scope of this research, High Technology facade includes characteristics
outlined in the second chapter in order to help architects solve conflicts and deal
with facade as product to achieve their economic and environmental goals away

from the missleading market terms of sustainablity and smart ..etc .

1 Kathy velikov and Geoffery Thun , Responsive Building Envelopes : Characteristics and Evolving Paradigms . Publisher
conditions are provided by ROMEO . Thesis paper University of Michigan , Michigan USA.x

2 Glass, J. (2002). Encyclopedia of Architectural Technology. Chichester: Wiley-Academy. Grangvist, C.G.; Azens, A.;
Isidorsson, J.; Kharrazi, M.; Kullman, L.; Lindstréom, T.; Niklasson, G.A.; Ribbing, C.-G.; Rénnow, D.; Stramme Mattsson,
M.; Veszelei, M. (1997). Towards the smart window: progress in electrochromics. Journal of Non— Crystalline Solids
218:273-279. Elsevier Science Ltd.



Intoduction

During the past few decades, buildings have been imposed to steadily extend their
functionality at diminishing cost. Increasingly varying and complex demands
related to user comfort, energy and cost efficiency have lead to an extensive use of
mechanical systems to create a satisfactory indoor climate. The expanding
application of control technology in this context has lead to the emergence of the
terms HIGH TECHNOLOGICAL Buildings and HIGH TECHNOLOGICAL
FACADES to describe a built form that can meet such demands, be it to a varying
degree of success. A multitude of definitions of High technological building
envelopes, however, opens for divergent interpretations of the design, operation
and objectives of this type of envelope.

In its 2006 report High Performance Commercial Building Facades for the
California Energy Commission, the Lawrence Berkeley National Laboratory
(LBNL) team defined facade performance as a product of technological solutions
[ Patterson et. al 2013] !

Most people spend up to 90% of their time indoors, which justifies our strive for
buildings that are as safe, healthy and comfortable as possible [Loonen 2010]?
In this respect, it is worthwhile to reconsider the role of the building shell. Unlike
only being a wrapper, the building shell can be entrusted with multiple vital
functions that dictate the building’s energy consumption and perception of indoor
environmental quality. Traditionally, most building shells are ‘static’, whereas the
climatological boundary conditions and user preferences are constantly changing.
As a result, traditional fagades cannot adapt to the changes it is exposed to, and
this results in a loss opportunity for energy saving and increasing thermal and
visual occupant comfort. High Technology facades on the other hand consider

buidling shell in fundamently different way .

1 MIC PATTERSON, LEED AP [BD+C] + JENNIE MATUSOVA. High—Performance Facades . http://www.enclos.com/
2 R.C.G.M. Loonen . Climate Adaptive Building Shells . Master of Science Thesis . Architecture, Building & Planning
Eindhoven University of Technology , Eindhoven , UK .




The term include 13 properties as follows :

1 Controllability

2 Dynamic

3 Mechanic

4 Flexibility

5 Kinetic

6 Adaptivity

7 Multifunction

8 Activation

9 Integration

10 Intelligent

11 Interactive

12 Responsive

13 Evolvability

and ends the 2nd Chapter by illustrating details of installation facade component
to Concrete structure that is common type of construction in Damascus .

Finally the third Chapter consist of introduction to how to calculate energy
consumption of buildings with different facade solution by using energy Evalutaion
Programs such graphisoft Energy Evaluation .

The Thesis presents 3 Case study building within damascus city and study
the amount of saving in terms of Energy Heat and cooling load incase high

techonological facade element were Used .

Keyword : Facade , commercial , High tech , smart , Energy



Summary

This thesis Explore the potential of using high technology Elements in the
commercial facade in damasucs local Climate .

The reseach starts by illustrating illustrating the development of facade through
time from the solid wall to double facade till recent high tech facades . Then
defining the Criteria which the facade has to fulfil . In addition to Previous Criteria
Commercial facades has special Priorities regarding Human factors such as :
1)Thermal comfort

2) Visual Comfort and transparency

In addition to the Energy saving requirement that has great impact on retrofits on
usage costs . Those Criteria define the principles which the high tech facade need
to address and form the guidelines to the drive factors of facade evolution .
Then the thesis answer the following question :

Why we need to develop high technological facade ?

the 1st Section ends in conclusion that the current facades need to be apdated by
utilizing High technological facade Elements .

In the 2nd Chapter the thesis define the Terms associated with high tech facades
such as Intelligent facade and climate responsive building element and the concept
of adaptive and Integrated Building Concepts and differnce between the Modular
and integral construction .

after Previous explanation The Thesis define the term HIGH TECHNOLOGY
FACADE as key point in order to set it>s Priciples and properties.
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