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Orientation and the building facade glazing percentage are two
parameters necessary to be considered during the early stages of
architectural design in order to determine the location of the building
on site and control the balance between the transparent and opaque
parts of its envelope. The aim of this research is to specify the optimum
values of orientation and glazing percentage of building facade and
finding the effect of deviating the variables from the optimum values on
the total building energy consumption. The cases of this research are the
schools constructed based on the current standards and specifications
of Iran’s Organization for Renovating and Developing Schools in humid
temperate climate. Due to interrelation between these two parameters,
their impacts are studied concurrently. Research questions are:

1-What is the optimum orientation angle and facade glazing percentage

of school buildings in designated climate, in terms of the lowest energy
consumption? 2-What is the sensitivity factor of these variables in different
situations on total energy consumption of the building? 3-What is the differences
of changes due to deviation from the optimum values, for each parameter?

In this research the Latin Hyper-cube method is used for sampling the
input values; and Designbuilder program with Energy Plus simulation
engine is used for modeling and analysis. According to the results of this
study south-facing buildings have the optimum orientation with whatever
glazing percentage. However, the optimum glazing percentage depends
on the building orientation and would differ from 40 to 55 percent. This
study shows that increasing the glazing percentage of school buildings

up until 40 percent for east—oriented buildings has the most significant
sensitive effect on building energy consumption, whereas increasing it
more than this value didn't show a considerable effect.

Keywords: Glazing, Orientation, Building Energy, Humid Temperate
Climate, School Architecture.
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49.W.Tian, “A Review
of Sensitivity Analysis

Methods in Building Energy

Analysis”, p. 411.
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Environment for Uncertainty
and Sensitivity Analysis: the
Joint Research Center of the
European Commission.
51.Tian, ibid, p. 413.
52. Scatter Plot

Ol el (VL) Ve @
FShe g JBho g digg Span
Loyd 09,5 B ) (S5l Span
oy 9 ¥ fBld gglaw
.Olf.\s)lis

Olyss Jbged (owb) W) @
Juoyd Sl b (g55 Bpuae
SrScar » Blad gshe
9 9l e g G
OB S5 ey

Pl 4y 0390000 ol 3 (2Udg) 9 Glaleyw 9 pale)S Gljee
OBl lp Glia SeS 0oy e s 9 Cusl ok
0y Corlune Lol 381 0+l am Lol 48 o (655! B puas
Sygb 4 bl Gl Bpae arg LB il esl
o B B pns TND cwalwe il TV o glil & &S
e oS 39381 dnlos Lalpd ol )3 Ay Bpae Glie
S5z S gle 4 b APV BOVE (g Scas

ol s elate oS I3 6ol (Bpd g
Cuol o)y Colue ¥ (655l Buas deS 039w

104000
102000
100000

98000

96000 I I I I I

94000

24-10 38-24 52-38 66-52 80-66
u u
3 B pas Hlide Wagy Hlade 3 Bpas i

SNSRI b g yS

2 S5 Bpan Clpds By b o)lil &5 jboplen
loyd Sad gohw Glie 5l E6 Bt slagg xS
b 4 Cal Ooglite by Colus i Lol conl LSS
Oy Lol el TYA 8390500 j3 (B puas jlade oy yieS ¢ Jlio
83945t )3 0oy haw B3gaote )3 (S S Sl
(o) cwl TA b FF

» oy ghw e w6 i 538 oo ol
b gletle s lagpScar (il Span olie
Sy 5 abgrpe O Sl glajloges 5 23,5 (snadb 05,5
Slyss B9y 45 2l LS o loges ) b mawoy ol IS
S pScas » opdy gaw GLIEIL GGyl Spas
D) @) Cand s alises

(B ST S WP (S Bdgioe 5
sl Bl o s Slive p Spae Jlade s
B puas Hlde &S Cuwl ) b L g LS o (g9 (calaio
S oy colue 4 (0l (S caa opl o il
Oil38l b 0gd o sdalie €)Y O Hbges jd &S Hob len
3 gy cnllel e oo JRlj3l oo B e ylado 0 2y oo
&S Conl dze cpl 4 Ylain! g cawl ol Ly ya5 70+ B 7Y~

VEY-AYE (S p calisie Clad golaw dopd by (65,3 B puae &l s
103000
102500 .
102000
101500 *
101000
100500 PR e ,_::
100000 [t T4 e .

99500

99000 * *

(celo @lgsks) b 55!
*
<
*
*

98500 .

98000 *
10 20 30 40 50 60 70 80

WE A gpScaa » @lide Bld polaw doyd b (g5 5] B pan Ol ypss

103000
0"
102500 o
o
102000 o
K

o
101500 N
101000 o8
. “”
100500 [#*° 4%, I

100000
99500
99000
98500

98000
10 20 30 40 50 60 70 80

Blas C?L‘“ Loy




(Y @) b salgs

M dieS” (WFVN) (08 g LS)*S“*?? »
;L;).Sup ool g ol TO0-0¢ 390> 15455 B pne
e Lol s gl L.»)p., L yb Colue doyd iol5él
D) ol SRl 4 Cos (5t Copmlus

Sygo sl (6 xSt By 095 (Sl oyt e
sl 30l b o] Jged (61 e pae g L IS
3945 (55 e (53 A 1053 &S w0053 )9035
oSS sl b o yd opl Gol38l L rals &S ceul 7¥0
Y @) b sl by ol Bpas (inlidl csly

&S A8 led &S cuwnl asuie Y O el j

Gyao LA 3l 5eS Cowles b jlide (pl ialS L i)l
69y &b b wolue yuis 1N+ a4 s B
il dalezs by oled Bpas e
29 Cax LWV 09 )5 o 3)90 S 0 ot
Bras jlide oy yieS o)lsen (opScus pl & mud
@ W glp edd 2l pgix @pSar S e
Caol 10+ (655 B s digeS (gly 2o > oy Jaie iy
d‘))o)?w w@w&awlpl&l)ﬁaw@

YV (S as ) calisie Blad olaw Mo pd b (655l B pae il yuss

VAASVEY (g5 s 5o alisie Blads galaw oy b (655 G puas Ol s

101000 101000
__ 100500 100500
S
"3 100000 . 100000
2 99500 |, AN ¢ 99500
Y [ e . P o
o~ 99000 4 i * s * * e 99000 tees, e
3 o MIRR T ¢ %, .
X 98500 o *T e, * FTON 98500 *5e?
:) L S e P TT T e
3 98000 ¢ MO P 98000 ., . s ?
! . ’&-,_ .
j, 97500 . 97500 AL ST SRR
97000 97000
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Blad gglaw Mo yd Glad shaw doyd
104000 VIF-YVe Sz > cilisea Gl gobaw 1oyd b (551 e &l yis
102000 103000
100000 2 102000
98000 5 N ’
:3’5 101000 :
96000 . .
\_1 100000 |, * .. . s o et
PSREPY o o e
94000 '_‘Jn 99000 | * 'z...."'.-.. > *s 03 ¢ aree ™’ - *
126-90 162-126 198-162 234-198 270-234 3 ¢ preteesHenenete .
3 98000 TIPS
u u -
s b Gpeno Jlie oy b Gy Jtie Sl |y By e 27000
? Span ) 22 Spae ) el 10 20 30 40 50 60 70 80

53. uncertainty

Olyss Jhgas (VL) W o
Juoyd Sl b (g55 Bpuae
SrScaa » Blad gshe
5 (oY et o8 g oo
OB 8,0

Jse (uly k) Y o
Loyl Gpae Ol
Blas  golhw Moy Ol
5 oY o e
OB 8,50 e

Pges oo omb) W oo
9 Bl g dige Spae (i
29,5 0 > 55l Spas Sl
vy 9 (el IECee
.Olf.u)lis



Y

sy

Gilhe )8 cpl Glp 9wl ol > IS 50
L S5 e olgan b osmliie 5 Sl 00 5 aol
Blad zolaw digy do > &S S0 )0 ol Lgin Cuows o
Sl gxie 1O B ¥ o lgi o L (S Cas 4 (S

S I §) e i g o
L 5551 B olime 595 1y b ool iy (5,0
GxScas cpl U U lade cpl GiliEl &S Jls s o)l
IS salgzs (655l Bpas g9y Sla e

e o iz b (Bpb bagiome 1> (g5 b
SR i & (Fyge 5D «Cudls Wles (5l B pas
Tl Olive 2 b ope SbsSire bosgixe o
25 D) 55l Bpan s 3 1) Cplas o yidy Slad
3 @Yb Cuwlus 35 (Byd oo Bagie ) (5T Cax
YL sl juln Blad golaw 1o)d do e Cawlus (pl
o]

sbagdy 2 G5l Spas yShe 5 Jihe Gle S
ool gy (ol 3 Bpas Jlis 1o 30V 50 4 oddodls
0 iy gaw HlMe 9 (6 Jole 93 b i 505 o &
IS By S Gy /5 b lyise

JRIMO. (2016)

bl g pSeas wl oy s a5 11l (alae
9 pole il Glag Bl > S35 9 (Sl o)l p (Bjse]

NOV=VFY o (WY liwnl) ¥ i e Lo (559aiST

AYYA cl).w OK'““‘ Gl igles ‘L;)L"'wﬂm'@/-@&)o 5LS{L°...\.S
WS il wylie (ilog lojle (sladiis

Abanda, F.H. & L. Byers.“An Investigation of the Impact
of Building Orientation on Energy Consumption in

a4 bogye (65 Ay Bpan e (pyieS ) o ,llaz]
bgryo e Bpanlide oy i 9 Conl o> 5o
oy e sl Cawlas bl fwl oy gpScus @
Sl g ol Gglite Ly (g pScgs 4 (St Blad golaw
g b pScan 4 b Y1 i 2l ol

25

8 35 4o Y

Lo gpScue Gilewe (2l &Sl IS ©)ee w
Blis zohw Loy 9wl o dy SpScur b Gl
ehb Ban ully s iy Sl 0lgan 28l aige iy
ly Byao Giliel pl (6,500 claid 5 b oS g aales oyl
Jade 5l 2Bl g sadss pl @l 5l edlatwl b S s
e > L paS g Blad sl a5 xS b
Coa 3 plwyd Slaeal & Wlg o b b 4l
35U sanlin (cly ebmly b ols 650l Brao ials
5 el b &g slagss i 55, Jlaisl s 38
D)8 odlatwl lgi o BaioS pl (gl )ldges

ISIRI 14254 15t SoSiuwpe slaladlo (655 o p 5l
S908e 5 pihdss slassyl ool @dition. Retrieved 2018
http://www.saba.org.ir/fa/masrafeEnergy/ :\Ya0 <5, s

sakhteman/standards/isiri

NNS GMS Sl s g3 s ES e Sylto 5 sl
NN Gl JIE o 5 Slto 5 ool
oy Keypinns ol uoliilys MBI g8 slislgn il

a Domestic Building Using Emerging BIM (Building
Information Modelling)’, in Energy, 97 (2016), 517-527. doi:



http://dx.doi.org/10.1016/j.Energy.2015.12.135

Al-Fahmawee, E.“Analyzing the Impact of Floor Height and
Building Orientation on Atria Daylighting Levels”, in App/
Sci “Natural Sci Series”, 11(1) (2013), pp. 75-88.

Bambardekar, S.P. & Ute Poerschke.“The Architect as
performer of Energy Simulation in the Performance Based
Design. Building Simulation’, in Paper Presented at the
Eleventh International IBPSA Conference, Sydney, Australia,
2009.

Donn, M. & S. Selkowitz & B. Bordass. “Simulation in the
Service of Design — Asking the Right Questions’, in Building
Simulation Paper Presented at the Eleventh International
IBPSA Conference, Sydney, Australia, 2010.

Eskin, N. & H. Turkmen. “Analysis of Annual Heating and
Cooling Energy Requirements for Office Buildings in
Different Climates in Turkey’, in Energy and Buildings, 40
(2008), pp. 763-773.

Garcia-Hansen, V. & A. Esteves & A. Pattini. “Passive Solar
Systems for Heating, Daylighting and Ventilation for
Rooms without an Equator-facing Facade’, in Renewable
Energy, 26(1) (2002), pp. 91-111. doi: http://dx.doi.
org/10.1016/50960-1481(01)00089-1

Ghisi, E. & J.A. Tinker.“An Ideal Window Area Concept
for Energy Efficient Integration of Daylight and Artificial
Light in Buildings”, in Building and Environment, 40(1)
(2005), pp. 51-61. doi: http://dx.doi.org/10.1016/j.
buildenv.2004.04.004

Goia, F."Search for the Optimal Window-to-wall Ratio
in Office Buildings in Different European Climates and
the Implications on Total Energy Saving Potential’, in
Solar Energy, 132 (2016), pp. 467-492. doi: http://dx.doi.
org/10.1016/j.solener.2016.03.031

Inanici, M.N. & F.N. Demirbilek. “Thermal Performance
Optimization of Building Aspect Ratio and South Window
Size in Five Cities Having Different Climatic Characteristics
of Turkey”, in Building and Environment, 35(1) (2000),

pp. 41-52. doi: http://dx.doi.org/10.1016/S0360-
1323(99)00002-

Jaber, S. & S. Ajib. “Optimum, Technical and Energy
Efficiency Design of Residential Building in Mediterranean

Region’, in Energy and Buildings, 43(8) (2011), pp. 1829-
1834. doi: http://dx.doi.org/10.1016/j.enbuild.2011.03.024

Kunz, S. Meteonorm (Version 6), Bern Switzerland, 2015.

Lee, JW. & H.J. Jung & J.Y. Park & J.B. Lee &Y. Yoon.
“Optimization of Building Window System in Asian Regions
by Analyzing Solar Heat Gain and Daylighting Elements’,

in Renewable Energy, 50 (2013), pp. 522-531. doi: http://
dx.doi.org/10.1016/j.renene.2012.07.029

Leskovar, V.Z. & M. Premrov. “An Approach in Architectural
Design of Energy-efficient Timber Buildings with a Focus
on the Optimal Glazing Size in the South-oriented Facade”’,
in Energy and Buildings, 43(12) (2011), pp. 3410-3418. doi:
http://dx.doi.org/10.1016/j.enbuild.2011.09.003

Liggett, R. & M. Milne. Climate Consultant (Version 6.0),
2017.

Mardookhy, M. & R. Sawhney &S. Ji & X. Zhu & W. Zhou.
“A Study of Energy Efficiency in Residential Buildings in
Knoxville, Tennessee’, in Journal of Cleaner Production,
85 (2014), pp. 241-249. doi: http://dx.doi.org/10.1016/j.
jclepro.2013.09.025

Marsh, A.G.“Generative and Performative Design: A
Challenging New Role for Modern Architects’, in Paper
Presented at the Oxford Conference, Oxford, UK, 2008.

Morrissey, J. & T. Moore & R.E. Horne. “Affordable Passive
Solar Design in a Temperate Climate: An Experiment in
Residential Building Orientation’, in Renewable Energy,
36(2) (2011), pp. 568-577. doi: http://dx.doi.org/10.1016/j.
renene.2010.08.013

Motuziene, V. & E.S. Juodis. “Simulation Based Complex
Energy Assessment of Office Building Fenestration’, in Civil
Engineering and Management, 16(3) (2010), pp. 345-351.

Nasrollahi, F.“Economic and Ecologic Method of Energy
Efficiency in Office Buildings’, in Paper Presented at the
World Sustainable Building Conference, Helsinki, Finland,
2011.

Ozkan, D.B. & C. Onan. “Optimization of Insulation
Thickness for Different Glazing Areas in Buildings for
Various Climatic Regions in Turkey”, in Applied Energy, 88(4)
(2011), pp. 1331-1342. doi: http://dx.doi.org/10.1016/j.
apEnergy.2010.10.025



Y

)

Persson, M-L. & A. Roos & M. Wall. “Influence of Window
Size on the Energy Balance of Low Energy Houses’, in
Energy and Buildings, 38(3) (2006), pp. 181-188. doi: http://
dx.doi.org/10.1016/j.enbuild.2005.05.006

Rubel, F. & M. Kottek. “Observed and Projected Climate
Shifts 1901-2100 Depicted by World Maps of the Képpen-
geiger Climate Classification’, in Meteorol, 19(1) (2010), pp.
135-141. doi: 10.1127/0941-2948/2010/0430

SIMLAB-V2.2. Simulation Environment for Uncertainty and
Sensitivity Analysis: the Joint Research Center of the European
Commission, 2011.

Stegou-Sagia, A., & K. Antonopoulos & C. Angelopoulou
& G. Kotsiovelos. “The Impact of Glazing on Energy
Consumption and Comfort”, in Energy Convers Manage,
48(11) (2007), pp. 44-52. doi: http://dx.doi.org/10.1016/j.
enconman.2007.07.005

Susorova, |. & M. Tabibzadeh & A. Rahman & H.L. Clack & M.
Elnimeiri. “The Effect of Geometry Factors on Fenestration
Energy Performance and Energy Savings in Office
Buildings”, in Energy and Buildings, 57 (2013), pp. 6-13. doi:
http://dx.doi.org/10.1016/j.enbuild.2012.10.035

Tian, W.“A Review of Sensitivity Analysis Methods in
Building Energy Analysis”, in Renewable and Sustainable
Energy Reviews, 20(1) (2013), pp. 411-419.

Tindale, A. & S. Potter. Design Builder (Version v4),
London,UK: DesignBuilder, Software Ltd, 2015. Retrieved
from http://www.Designbuilder.co.uk/

Tzempelikos, A. & A.K. Athienitis & P. Karava. “Simulation
of Facade and Envelope Design Options for a New
Institutional Building”, in Solar Energy, 81(9) (2007),

pp. 1088-1103. doi: http://dx.doi.org/10.1016/j.
solener.2007.02.006

Vartiainen, E. & K. Peippo & P. Lund. “Daylight Optimization
of Multifunctional Solar Facades”, in Solar Energy, 68(3)
(2000), pp. 223-235. doi: http://dx.doi.org/10.1016/S0038-
092X(99)00072-9

Xu, X. & D.Yuan & H. Sha & Y. Ji & P. Xu.“Energy
Consumption Simulation of the Prototypical Building for
Optimizing the Orientation of the Building Model in the
Simulated Environment”, in Paper Presented at the The
International Building Performance Simulation Association
(ASim2012 Proceedings), Shanghai, China, 2012.





