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Abstract

This paper studies thermal behavior of dominant residential structure patterns in the city of “Tabriz” that has
cold and dry climate. With this regard, thermal behavior of three typical residential structure patterns, including:
traditional courtyard, row house, and high-rise building is studied to determine the most sustainable structure
pattern that is capable of achieving the optimal energy consumption in Tabriz environment. For this purpose, it is
necessary to study the thermal behavior of each type of structure patterns from different aspects. Therefore, the
influences of several architectural features on energy consumption are investigated to provide designers,
constructors, and consumers with useful measures for residential construction in the city of Tabriz. Thermal
behavior of each type of structure patterns is simulated using “Ecotect” software. The simulation results are then
analyzed using “EnergyPlus” software. Based on the results, in the city of Tabriz, the amount of energy required
for heating residential structures under cold weather conditions are three times more than the amount needed for
cooling them during hot season. Amongst all three types of dominant residential structure patterns in the city of
Tabriz, the high-rise building pattern provides the best heating performance due to proper insulation and also for
the maximum use of sunlight. On the other hand, the traditional courtyard pattern provides the best cooling
performance due to the minimum heat exchange of its outer walls. The results also suggest that insulation with
impact of 0.41 is the most significant variable parameter for residential constructions in Tabriz environment.
Moreover, the precedence of other variable parameters is identified as: type of opening (0.32), construction
materials (0.23), and orientation (0.04), respectively.
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Extended abstract

Introduction

Although the industrial sector has the largest amount of energy consumption, the share of residential
sector is very high, yet. According to the global statistics released by the US Department of Energy in
March 2010, energy is used in several segments of residential buildings. Amongst all segments,
heating systems use the highest level of energy. Next levels of energy consumption relates to lightings
and cooling systems, respectively. Since a large portion of energy is exploited by construction sector,
the study of typology in the field of housing would be beneficial for professionals in terms of
performance.

The aim of this study is to provide designers, constructors, and consumers with useful measures for
high performance residential construction in the city of Tabriz. Consideration of such measures
together with correct design strategies at the early stages of design and construction leads to
optimization of energy consumption in residential sector. Thus, residential constructions would be
sustainable in cold climate of the region with optimal energy consumption.

The first part of this paper, serves as a literature review, which studies research background and
similar works in this field. In addition, based on the survey conducted in this part, the importance of
the present work is defined. The second part of the paper describes the research methodology used in
this paper. This part includes: climate description of the region, simulation method and scenarios
related to thermal comfort in the city of Tabriz. In the third part, simulation results are analyzed and
validated. This paper concludes by comparison of thermal behavior of three dominant residential
structure patterns and the most sustainable structure pattern that is capable of achieving the optimal
energy consumption in Tabriz environment. Moreover, the influences of several architectural design
parameters on energy consumption in Tabriz housing are investigated.

A large number of research, imply parameters that are determined at the early stages of design have
great effect on the energy consumption of the building. Research shows that 57% of energy-saving
technical measures should be considered at the design stage and shows that residential structure design
should be revised in a way that location of spaces in the plan follows the pattern of space occupation
with respect of the solar cycle. They recommend the use of suitable shutters and glass and also suggest
replacement of renewable energy.

This research is aligned with studies conducted by Hashemi et al. for the city of Ardabil that has
similar climate condition to Tabriz. However, they have measured the amount of energy required for
both heating and cooling with respect to the internal aspects of structures and also studied the effect of
zoning and location of spaces in the plan, whereas the present study considers different parameters
regarded to external aspects of residential structures that affect the thermal behavior of residential
structures. Moreover, this research studies the thermal behavior of dominant residential structure
patterns in the city of Tabriz to define significant features of architectural design to be considered
under cold climate conditions as well as during hot season.

Materials and Methods

In this research thermal behavior of three dominant residential structure patterns, including traditional
courtyard, row house, and high-rise building is studied to determine the most sustainable structure
pattern that is capable of achieving the optimal energy consumption in Tabriz environment. For this
purpose, the thermal behavior of each type of structure patterns is carefully studied from different
aspects. With this regard, the influences of several architectural design parameters on energy
consumption are investigated to provide designers, constructors, and consumers with useful measures
for residential construction in the city of Tabriz. In this research, form of the structure and age of the
building are selected as two independent parameters according to national thermal standards. In
addition, four variable parameters namely orientation, construction materials, type of overlay, and
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insulation are also measured. Effects of these parameters on energy consumption are studied for all
three types of structure patterns considered in this research. Thermal behavior of each type of structure
patterns is simulated using “Ecotect” software. The simulation results are then analyzed using
“EnergyPlus” software. In addition, for validation of the results obtained through software simulation,
a number of consumers’ bills related to each structure pattern are collected as field impressions and
comparison of energy consumption is conducted.

In order to determine the importance of each architectural feature for each type of structure, the criteria
are weighted using AHP (Analytic Hierarchy Process) method. Hence, variable parameters together
with independent parameters are organized in a matrix, and then multiple criteria are weighted using
AHP method. Calculation of multiple weighted criteria results in precedence of parameters. Thus, the
importance of each parameter in each pattern is determined.

Discussion of results

First, all three models are simulated and the amount of annual energy consumption for heating and
cooling for each month is measured and the results are presented as bar charts accordingly. The results
show that the highest level of energy required for heating is during November to April, which is due to
the cold climate of Tabriz.

This amount exists on average and with a significant difference between a high-rise building with a
row house and a courtyard house. Thus, considering the amount of energy required for heating
regarded to square meters of the building, with a high difference, the high-rise pattern with lowest
amount achieved the most optimal level of energy consumption. Among the other two patterns, the
amount of energy consumption for heating in a courtyard house is slightly higher than in a row house.
According to the results, the percentage of total amount of energy required for heating for each pattern
is 43.2% for B.M.1, 42.8% for B.M.2, and 14% for B.M.3, respectively.

On the other hand, the results show that the highest level of energy required for cooling is during
January to September, which is due to the short summer season in Tabriz.

Based on the obtained results, the traditional courtyard pattern has the advantage of proper climate
design in that slight amount of energy is required for cooling. On the other hand, the high-rise building
requires the highest amount of energy for cooling. Yet, this pattern provides the best heating
performance due to proper insulation and also for the maximum use of sunlight. According to the
results, the percentage of total amount of energy required for heating for each pattern is 21.8% for
B.M.1, 34.7% for B.M.2, and 43.5% for B.M.3, respectively.

Based on calculations of the weighted parameters, significant architectural features are insulation
(0.41), type of opening (0.32), construction materials (0.23), and orientation (0.04), respectively. In
fact, consideration of these measures at the early stages of designing residential structures leads to
optimal energy consumption in Tabriz environment.

Conclusions

In this paper, thermal behavior of three dominant residential structure patterns in Tabriz housing is

studied to find out how different architectural features affect energy performance of residential

structures. Overall, the outcomes of this study can be summarized as below:

1. The effect of independent parameters on the amount of energy required for heating and cooling is
presented.

2. Numerical figures indicate that the amount of energy required for heating residential structures
under cold weather conditions are three times more than the amount needed for cooling them
during hot season.

3. Based on this study, the high-rise building pattern provides the best heating performance due to
appropriate insulation and also for the maximum use of sunlight; however, this type of structure has
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low performance in term of energy required for cooling, which is due to large openings in front
design of this type of structure.

. According to the analytical data, the row house pattern (the urban block model of 60% density)
fails to compete with other residential structure patterns in terms of energy performance.

. Generally, due to the cool weather condition in Tabriz during May to October, there is no need for
any cooling or heating equipment for residential structures, and the weather conditions comply with
the thermal comfort situation.

. Simulations confirm the importance of selecting appropriate form of the structure as well as correct
direction of the structure considering the maximum absorption of direct sunlight. Appropriate
selection of these parameters improves the energy performance in terms of heating residential
structures under cold weather condition in Tabriz.

. Calculations performed using AHP method, determines that architectural features including
insulation, type of opening, construction materials, and orientation have great impact on thermal
behavior of residential structures in Tabriz housing. In fact, consideration of these influential
features at the early stages of designing residential structures leads to optimal energy consumption
in Tabriz environment.



EY-—E\Y Ao A9 Gl ¥ 8 )louid €F 69 «pwlivh louxo

S osI 5155 U3, g 105 il Al io o
P9 (S5 (5 yloxo AL

¥633)) E390%0 jlipe 93158 9,8

.,.-_]l)._1| .E’ﬁ .u.-:‘.l.wl .".UT&M.‘: .E)J' .'A;|_9.,.5_)Lmuw_1.LwD.u.|adu'|5)ﬂ'.'\ A
u|).1] ..;;LHJ .u.nﬂ.u.d .\al_jT alfaals .dLu'L GL}‘H‘- _"a_-J’g ...5,.}!..;:.. i u;): )l.n_.vidL"n Y

A4/ P/YA allie b pdy o)ls

VWAAN/PYiallie Jouos g2

045>

O B e85 )18 adlllan 5)90 o35 08 (99 €8l 53 (S e potin (o580l A (390 9 ()l 513y el (pl >
ool @las (S Glagh ol ) dtuly pte byl 258 jasuie (Shb sbaadll Cuenl (5w 5 oS
il 1 ey daly Jldy )y (sl sl 45 y00ly g a0 )3 B 1S15 (g3 pe bl (ol aw p L pd g )l e
55 e sl Ky 51 e o oo lii) (gl 0 odlitol LSy (g3 J58le s 5l Wmosls Lubos (sl w5581 a3
ol 3 Gialo s gz o Casl 651 Gl il d Loyl Jale)S Can p3Y (55 i 0300 (L5 gl A5 o3lizl
S95me Sl g (ednloyu Jb S5l o ) YVA GBpmn b (655 50 bl (sl moew (pl 51 &8 ol 5l 3550 055 0ed (F5Sne
Sy g oS laole oinlo)S 5 dolops oSl e Glaie A i @ (Lle)S )L S 5 ae ) W B pae b ad el
VY ols las o /¥V505L g5 /FY )l Bile i i 4 5y ) it sl jiel)ly (S5 Coglgl iun w8l ] ) Jlo

Gl o[+ g pSCus o

S5l Bpan Gy (e (ool (Sl ()l 18 gjlodinge 11 0]l9alS

G S da 3 b2l ey Ol 3
B dalpE dde Olaasiie (gl 3 Shes sl

Solere an o 5o Pyt s & leg b
plod Joli &S ol Sl (g S menai Al o S o
R T e P AR
IS s G Ll (b A s s (Xia, 2008)
g s sl Ko s wey dad ol
e Sl Gosre il S s Sl s OLL
.(Hong et al., 2000) 535 oo s cOloztlor (555

3l

B AAVY ladle dsb 3 (5531 b e o ey 4 S
e Lol ol 03y Lo Su L;L‘-:" Yoo q
Sl bl eVl Sl 55 55K glaolaxsla
odte VLI (65531 olys o g Yo N e sle 530 die
5o LAl a5 p 50 ae 45 das e 0L Kl
OISV g 5 e ¢S Sl e Rl S W5l
,(\Y“\V 4&\)&4& E) g_,.:,\;-) Sl ‘ﬁu)) E] ul.i\.ﬂj.ﬂ

BENTSPHINE SIS D I g G- S PR e Juiie

Email: mahnaz _mahmoody@yahoo.com

DOI:10.22059/JES.2021.312453.1008083
DOR: 20.1001.1.10258620.1399.46.2.10.1




Gl Slar 51 illlale 5 Cole 53 (S15 Coanl
e Ol 53 L Bl 5 p 3 ddin izmen 5 2 e
(Tereci etal., 2013) coul ol atls 5 (55 5

Olawasie bsdate Glaaslas fol> oS lass oo
sl 5 b e sl s Ol 5
st ST ) eslaws ol sl sl
Jebos b Slidss el el odd Sl (5 B e
oy S bl o 5 5e 45 Sl 035 S e e
slaas eyl o 5 ¢S 5 el CIP) 5l Slses &
55 (YA 00K es 5 o) Sl 035 Olaztls (Sl
Coge e Dllllae 5 e Cls Olallae
latass s Sldlas 5 e s v lzel 5 a8 S5
Cewldasloe an 5 L3

380es 5 e (S 3 3 03 Adllles 3
o 2R 5 U8 G e e Gl i) St
SR s 23 SIH B s g7y (i Dl 0
colastle o8 Coul sdd osls 0L IS 55k 4y 5 en
o p 8 Jsmad 3 5 Sa 50 5 Wil o e 25
el YAV LK 5 Sl Ll e 3, Shes
Ak e e p sl bl Ol 5 gy Sl GRS 2
S S eslinal gl b S Sl eslinad 5 6,88
S el a8 et 2 65

b e S Ll aes s K asn
el g 3k ol el G Ss slaolatle
B bl Jlsl o Gk lad o 0L s Lalas
GW 5 Blos b 4 a5 b At sl (g,
5heslizal colg 3 s Slatls, Of Sl ol o)l >
R Glasl il Sl 5 cle it 5 5L
OF) 0L as 5 paila) LS s o |

St S 3 s Giluting Slallas Sos s
SO 3 (855 B e sl i g o0l
ile S slad s 4 by e aline 5ol 5 Slas b

j&b})@j&@[)ﬁﬁﬁj\aﬁwbw

24

1199 Gliuss & P ojlai & ES 595

Ll PN

Do 3 Sl ch.ﬂ AP T L P IS N R VY
B gl 5 4 ol 538 53 S5Sn baly 1 b
gar Sl s A s N b slas el
sbly m25 Gl 03 2 5 Sl Slle
B oS dalpr SeS (55 e e Bld @ 555
G e b ailate B s 5 0Ll o e b Ozl
Al Sl 6550 Jsla

Gel iy i & 5l b e e ol s
O iass Koo mli 5 Slallas Glpw 85 3 5 L
53 i = i b plal s oedle e cpl o
o by s, 4 Ol e (lallas Kos
Jold 8 Golod sy P 02 e Dy Sl
o 3 Sileand Gras s B sy ed a3 s
5 G2 Glisel Wl Sed ol 3 ol SRl
R 5 AE el Ol 5ol B 5 b b S
sor 5 dde aoleand Gileesly Ly i
oo ol Sl Aol @L.: a Ll s g astls o Laesls
g o s

Sloegt 5 Slads 51 ol sl plal
03 &S Olaxtle sla byl oS ol enls QLS pwdige
2 S5 M Bl e 2 9d e pend (b i A
(Augenbroe, 2001) Ll acils Olaztle 6551 b ne
OV oS das o 0L sika detils G allys oo
e 53 L 55 s perad e 23 Ll sl s s
(De Wilde, 2004) 555 a5 L s adsl sba > b
3 odes QBUS s pms 3l (S (568 555 i
Jsol el cOladlan ) Wlil ool (65528 58 53
L o oy 5 slulis OF 53 ge Jalse 5 >0
(Jeberaj and Iniyan, 2006 ) > 35 e <l

Ol Qe Loy odd oslaer 25 (slaesls
élﬁjédubefﬁ)ubrﬁw_&h)}gldleg
3 eSS (il 8 (5 Glasls s 3 s

4.»‘_,:22_70.11).: L)\)Nﬁﬁu*})béﬂ.}ﬂ)ﬁ



U8 ) 5a SIS 53l (sliy Adlg.o

£14

S Sigama s el

2 S5A aae Gaas p Jhe bl )
TLalAS 5 05 S sSe slaglasla
Ui ary b b el g Jol Y

ol &8 VL (6551 G e s a0l (6,108,356

g, g 3lge

G5 O pan Olpe s ol 3 ok oy e G
3ok ep s Gl see S e
o 4 blad Gl S s ool 3 Shes
Sl A G s e bl sy Sl
A Gl il eld o laly Ol s e
byn by il 5255 g 2l 5 Ol sbaesls o =1
3 St Ao (SIS 5 S e bl g e
‘éLm okl a S L s V'“j A Sl 450 s
Slaey glapaze Jold 3 Oletla o 3 5 huile
S ol S 5 i) B3k slad aber 31 6K
sEs A s b A s s b cel
03 bl Glac sl g ol js sl sleag
Som ol 5 Jlns e bt 5 ey ke Hlas
3 bsask o3 as, U a4 by A p s Olela
Fbo e o3 Sk Sl el SOl Gl
b T NG Ol Sl ol Ol 5 b gl
Gk 3l ol Aol Ol 5 Slentle (5 S g Bl
(1 Jsd) ol Olot b S5 o

R SWIRINE YR 2wl 03w 2 ol g SY gl ol LY IS
JBle 5 g o O (5laodls b b Caa )3 19 (Jusb) 5 (o>

58 Jde dnda (st G Ol 4 Oy Sl
SIS Bl G Ol 4 T i ST S
&J}/Jl‘)ﬁ%j e Bl (940 ¢Y’ L;LQJQJ) ol )l};}"

G e Zed 03 3505 AN (65153l PESINS. YA

Bls 53 oS erp Ai e eslizal Jos OF 53 & Sliges
Olgs o Siass ool 5o Sl (63,8 SL5 sl Oles
S5H 03 msma e Sl (JSie il 4 63 S0
Gosbor 25 45 S5 S Jhss 5 3lgdy Ol (ol
(Genjo et al., 2005) sl ol 1)) 5 slgiy B no

Rl ys el glaasl 5 Jol= gt 5o
U e 3m olBl s iliss Olaztla Yo (55, oS
Olgr ol (loard Ly 55 oleds al
Chyae glyls il Yol s ag olb oS il
Ll s sy se Oletla a4 Cod 5ol (6550 0/0V0
5 ekd sdule sl shls Ll alie LIS Slasla
Liea pdoedd Gle Gl el A Wil
(Nasrollahi, 2007)

)alﬁﬁaﬂril}l)sMszLiJprtha
ol bl o3 sdomn 51 bt 53 Jla W3l 50 A2
et a5 03 g 3pdoee Ol fuab 4 bl Sl eslind
O Gble Glabl> L b3 5o 6 5SS sl Lo
LBl Bme @ Shass cnl 5o ol Ol 655
Ol bl Ol b s o Gblie )3 adlil 5 S8
55,8 g e atls, LalS 5l 6 S L s
sl s L Ol Sy 3558 o ol Skl
5 i) apd e oledde L G5 Sl
OF4 Ol es

Sodem 5 edls Sldllas Glnly 5o 0 Gs ]
il o Sl 4B S )50 Jeasl 3 WY Jle s &S
siele S G as Ol 4 Slallas OF 3 oS sl b
5 ek el U5 L s e Sl b
534S I 3 ol sl antls M s el oLl
b s 2 oS0 s slaubly & ol hass
ol 3 s ke b 5 LS Bl o
© o lb sbearls Gl oY gbgdues J
238 o il s 50 S Jsuab 53 Bl &) 50

1S ol Q;”\ R Q—L‘ L;*“ o J-



G by 5 b SLAbl s LSS alds Ve s
5ol Glaesls b Gl (sl 1y adlaie sl 5 O
Colg Lo (0 8D s e 13 Slal s Slgdle 5 olse
o Gl Olllas lag,Seslll L gslaas o
laosls b oSl (f 07 55 bl s Jda 5 ool s

RGO IS WP dUQJ‘ B 6)_51@7_- JFJ

24

1199 Gliuss & P ojlai & ES 595

EPo

5 eslil il 6550 GUS siledde sl b
.@laufl;u'\dudjkﬁajuuo)y4“_;,'@4.,,1
oSSl e bl e ol b, dglie ) shiteny
318 sl B s s Cilises J e s bl zelu glos
Loy T e SY spl K LY K b

Sl b ol ol ol sl (6, Sesll O Sk

R332 3 (53,51 o (518 55 Blox 43 s iy 55 Ay g JEiwo 550 0 sl Y S

Jecss) Wanntlg (51 ki Sy 53 U o ) 350 Sigad 55 23258 £l
e . e U: o P J g
Sl Slwdian L dil»
@ Comd (55 > ) Sl e
- o
15 obilis Jlod wIls (R0
L S
S 8l
o* 30"
. 1S o bl 8l bl oylis
._i G55 e bl (slals &5y bl ‘)Jo o) )
3 s b bsdiloll | ol 55 658 0g0 1 el | Lo o
5
< 3 b« L 9 SR 81y sl bl ()6 o)l
Vi i a5y Ay oy slasd
3 % > 9 7 ek e
3 = I PN 5
% I G55 e bl (slals b
% S mE e v i
IR IR 3 v B
2 3 B i dbj (2B g lawgie
“ L glas)l :?‘ Q2 ’\3
3 310,
Iy 300 Ry | sl el | elsesd ads gpli b e
&, 5543 45 ye il (ot
. 3 -
i 28
e 1,5 bls
3 2 (2l oyl i [CEWJVIRNE 5l i
3 ) DT e e e 4 EX S e
: oy bad L bl -
. o5 o3lizsl L 2o ) sl sl
2 L S sl (sBlodu 2| )
Y e
3
3 oSl Ll
: Colbes Lilssl bld bas,e Al
! o B ” bacyse | b
g | o | deeaonrs "
- o bl
] il o @le 0551 5+ oyls g3 e olis 5
Jyaze
oSl bl
Mol g bl blsd 4 s pe sy
o2k o 5 B P oy | S
Sl b —
Y o R o gsegll
o as,e iy b 20,38+ 1S5 558 o bl
Sl sl o . . .
obll b S oy Al oy 3,0




v

SA3)) Sdgame 9 snjl b

o5 a3 e Slebe a3 (K5 e 1) ulal gles
=y las ol il s gad alad s das e OLES
3yl ol el 318 Sl B s YE UV o L8 L)
sl a8 0l oo gt i 5 O sl 1Sl 5 5
ol o Gdate ot oslinad lss 5 O cledlbl
Sledlbl glsa 5 ol Hsliu Sl 0357 2 Sla
ks 6l B sy e lea s Ol 4 b e
sl Sns

2 ol bl esgds wax S L) 500 lea 5 O

SBS s ga cpl das e 13 Ol Sl

s e O 5 S 1l 5 5l et S

Olomlepd] Olisl )3 5 Ol ml 2 o8l 53 355 e

YA Wil Jled (5 50) cl ol fBly 5,2

S e BLPA YT LS R 35 b

)s.aj\sjg@mf\yaquwlwéuﬁm

LaOley i 5o 5035 0058 sl Ol Juad 51y

R —ege )l Sl &Lﬂ?@))@ﬁj)}@uﬁéb}
OYAL (gudk) ool Lo il 03 sdos

35‘5.,\_>w)>\)&_.l>'-g\_?> @LAJZJ)./\_%‘\QY J.{.w

g dla yof e (1359 (dome (1gh g O 4 by e oMbl Iga 9 O 4ol (°C) (b3 BjL.Y UKW

Al OF (5Ll 95 45 3130 st owliniled Slol AoMB .Y Joun

;b a3 t3 4 43 13 4
é’ 3 44 3% 9% i4 I3 3% 1
B 9 5 }3 _ - ij 3 3 7
9 | 3 A 23 4 33 -9, R I 3 3
3 Y "y =, 3, 3 53 37 E
Sy s yra Y/ YY) SAIR b-/VA v/vs VAISA /Y

o yorme Sl 2ol Ll 5 il Jelse ol Ladsad
5 e BB s el s ol Sledbh)
Slab 3 odd WSxis 55 5 o) b o ceadies 18
B ol &)Lmk:...:: g,<3)5\ LS)\J";‘(’J" L;L,a_% BL) <L5L?‘J
.L.;}:A 4 ol &)LNA.:...J: é:.éb? CJL@&\L‘ L54L«.:
osls Jlaml 5ol gls Jdos gl oDl (855 Sulle s
PSSO SO S OSSO VO B0 S P W P 0 BCOU P
5ol S s le bels T il Sl sjlulal L
okl (ilwans L8 Es S ¢IJ§L_> Ll b 45

(v Ji,:.) Sgh ol la Y J‘<"’: s

ool oy el gls 5 OF laesls ¥ Jsa

5 Sble patl 53 5l ol mls 5 wlidlss (glassls
25 ) peldlse Jseme ladle 5o 555 6l 558
L s St s oSal bl OF g Ll 055 s

S35 2Ly Sl il by,
S &S ISt Il ) eslind b i ol
S ST 5 55 (8551 &ey 5o el el sl
Jeos e el ek bl Ly (g3ledde e



24

1199 Gliuss & P ojlai & ES 595

Ery

lanl | fsn 5 o slooals |
EeEs—m e T J 55l A S gST
—
| &35 adsl Byme | I— —————— 1
= | e e |
' sl i
| N 1 :
: @3 ae B : 31
o
| ohb slayisal, 4t | a
e ) (N N e
| || oot s
oS 55 | < T
— || 2D il dapa.a |
B yan 1 ol Ly
2 SR | ik aslie s o558 |
.___,_5_5)-|___ : &30 (sl aigal :
: Lyp,dgaaas | I |
| L2l olar gllas :
: 55 cax | TS Tag aslol
I | |—
I (Jbyzealad) g 350 |
| ; -u' I I ararg ,Slee by (ite slo o3 o2 ,5
S 3 | ) ) o
I_ ______ 1 I Al [ I > }—’ b 5EE 5 e (555 Brae g

Gl edgama ;0

e S leid b (55l ditr poliieds (515310 5 (gl )1 (93,5 o1 Ss T UK

VP 9290 859 b 32y e 3 axllln 3,90 (FgSume Sy (59N diged Sl Joaa Y Jgsa

» s g3k 5! s Lo

n| IE8
7 @ AR |\ -

@] EH-|

|
=5 o

v ("
KD Tee T

I:l I
=

|

= |
=
|
|

i o | .
[l ¥ 0y b B
G —~ E | [mme |F e
i l‘:’l‘

i
s
50 (&

S r bl ) G sl

g mmg

I TII L

=19 o4
{




Voo 9290 209 (i 2585 et 53 anlllae 3590 (FSume (SUs 98I digad Clija g ¥ Jga

2 g 954 59!

oW

e e
1!
= =
ik FEFE
(it |

R

2 e

R

gv]f’ <65

K7 e €

SRS Ssh ¥ G sl

Voo 19290 2dg b 325 et )3 axdllan 390 (FgSume Sz (598 diged Sl Jgia O g

Pyl s

o

PR FFIRTIEIRRIERIRNFARNTANIRRIRNREINN)

adye Ll ¥ SeSne sl

I
Il [F

f
T
t

P

HEEEEEE] |
o
T
> o

=]

s
¥

iy

T |

]
H
i
i
i
!
i
-1' af
il
e e
T
1A B RARA
--1 .}.
b HERH
i B
= H A -{7-4.
i
i 1{1:
o B .i I
= K IH
e JE:
i e e e
i 0w
| LU

:

K T o

gl 5l e Jde S sSs saly g5l (gl




Sk bl 5 e w2 Op )5S
il s (0 S (DSl dess Frsed
55 Sl Pt Ol 18 el (8 JK2) (Mo )as o
el ok S 5 5 el 6 e ol s I
e sy 15,8 Bl 5 s 5 (5 S g
Slaiisal Gb G S Gl 3 g0 1oy 33 S &
dlesl >1b Ol > £ s odd (giluand 5 4 5o
S das e 0L |y ola e gl 5 b e b ad e el

(¢ Jsdo).casl LIS 56 b o 5 W ey 0 55

24

199 Glinsls & P bjloss € K5 )95

Epe

sdaal (Mo ) VoS o s do 5 (Vo)
sskea 0 5 ¥ Gladsdr b ol oY 5 05 e
P dmdin J»Liﬂ\SCJ.lo):J.EJ:)_,ﬂ sl e Jul:
el G ale il Sy (Hlas
S G gl 4 bt 8l bl Sl 5 Db
4 03 o 0deal O gl S Mol 4 el
i &S cel S5 0L spd sl B3 s
¢l WL by o Spgo o Lol
05 ¥ X clad i) ol ol
Dlo ihols adles spse slaly fpd awia

990 359 b 125 s 53 axllle 3)90 (g Gy 3 0ad Jlosl Wlas Slije Jgaa Fdgie

e 3L N
5ale )
GPEE T (A5 s B e s i g s aby:po

Yo Sk g oS o ¥e ) Sl L oG Jes bl
. 98 Syto Bl Yo lgys 2lige o)he S Loy @5~ Fled )
))l'b ol ] s W’” LS)SJ‘
& yross srls Jgene
V.o
S Loy ) b o
PRI Y Sy oS fo, Lo ¥+ 5 s ,0 YO
fww A 9 & el Yol Sy ofisgpn SIS J 270 oS
Sl Syt Gpedle aw 2l sl el - T (Byb
. ” o o)l B+ . S e
Srordo ¥ gl Y W
Y.o.
Y SK S
Lo 4> Yo
e, SRl emALY s oSk e e s i : f’; L adjeail
T v S sls S A
s i
SOOR @ WY Pl N1 AT A ot (e e 5@ R —
ifb"!‘"?ﬂ’\'g”*:ﬁ'.?i%"\'t..lﬁ. X
&
jo
R
<
Is
i
Is
<
=
e ;--w

ST )l58l0 5 3 V.00 bgye (55lurdensd 9 gl ¥ US



B 8 Yo O o My e e G Do

l‘b»‘lrivk- EP+-1TTIRI RN ER I
&

&

DEANN RO FRALN

ACOR QN Phg MY OFF ARSI G e @RI

Ao rcned Ay 2010 o

(0 18 o e S s e D G [t o
SOANV L KP4 1T IRN N NETINY
&

CAAMERD- QRALABS

& e e
APOR QO OB C NFm [y AL i oot T o @I R

;ul",'f‘ i

SIS1 I 58le 0 3 o0 bgryo 5 jludend 9 (55lwde £ JSGS

@lﬁ

el (giluand glaesls w5 o g Css
L S3A Dpas Ul s eld Silead LS e
sl basle _oles 3 Wl [l 5 il S g
sdal s 4 s Gb 3 g g W) S S e
N I SR L ISTRNCIA S T C PR )
Jsb 5o VIS b b S cer a3 S
.ol (November to April) coigos sl B OLT slaels

g BB ML o SKle S g 4 lEe
S ab Loas el SleViuas olestle s
A LS S ks s s S Al 5 6 el
G e e b S 5 G ae Dl B S
S 5 g Dpas S A5, VL O Ly

e i b il B ae gl

ol bl gl ol S Ss glaOlazt
oles &Sl s 4 Liledd (g3luand g 3 (slas bl
LSl B e 558 L bl B Glate lad s
S olads gas 3l Uileds Ol 48 ladsls oles
Sl Lol dl= s s Lles g anils 5w (5,8
Lot b s sl sl lazs b Ol e o aly ol Ll axls
ploml e b (5l S e ot 05 b 456 b
Gl JE 5l andllas 3550 bt aBl5 Cundg b oS 550
Oy s Gl 53 0dd iy 2 e la il JIG
LS elad gl (S ke sl 353 Olled 6 s
Jsb o3 8 bl a0, le ol il S il

.Mdjl})sum)ﬂ):)?g)”



DS Sl a8 58 oLl i sl s o3 b
e a bnl 03 e Siae o Sl s s
@ hte LSS e e ady S L Ll
el 4 e Al Sl s (6 et il sl
28 s ase al gl Sl g LB S
Gt ) ax g LB YL Ol b b S s
Jelosi il 53 25 00ls olaantl 5 g 4 oS B e 31,
o @b Gb sl L Gl S 4 SBae o 2l
O pan Olpe 5l Ly 52 g 55 Eomee (il U3 sdel s
BEREEENANA ‘\'f'“f 23 eSS sl (65

Sl JS )\ MJAYY'/O ‘Vru BEIS R RV AR 7% Jru

(A 5

2

199 Glinsls & P bjloss € K5 )95

Ers

Sl 53 Obe L3 Sl ad e iy by 4 Gl O an
Lot 0 3 il S (6550 G e Ol s
@u@.wldﬂ,;Sjl{dujl%éﬁ‘_éwl
N e R
BERRWREI A VAL ‘\'f'“-) P e a Sl sk S
ol g Mp\\‘/\".r.g 35 9 ¢ Loy dYY/A ‘Y'f"-)
v K2

Ok Gl GOA S ae Ol S oo aalsl o
oS A 4 g b el S Bae e
s i G et e @Bl 3 b g S (slasls
slaele Jsb o A IS8 b Ll S 4 55
sl (June to September) g0 U sls =

u?wau‘j@ euiwsg@b’ P SL]

0
8
6
4
2
& & & & S
¥ J"? & L «

e
\sﬁ‘

B A s el AN A el

S

~ & s 5 &
& & & F
o <~ <o

&

o

4 bysn oinle S )l o 5 oinle S (651 ¥lus G pne sljen STerly slamalio Sloges Y S
oM $351 Sl Jod el 2 Yo Yoo Vo s

.

3

2

1

) = J ‘ I
‘,;.*8 « < « S

W A W et A A el

~
&

I I J =]
& & & &

23 &

&5 F & &

o

4 bgrpe oologw )b oS g (ololopw (6551 VL B Glie Sl lamglio jlagei A JSG
oo 551 Gl e P s bl 2 Yoo Vo0 Voo (gl



XV

Jere

s

oo ke o (5, 4 sl (5iaCusls] (oo s b s lagd A S5

4 S Lol s Olaolis b gdn o8 o

Vodsdr s sk edae A U Y b Llll Gl
o3l OL;.Q U)j W’J Ls‘f )L:M 6[.&;7.&‘)‘.: u"'J—J:LA
bobas G55 ml il ambee b G 3580
3.9'“:'@ r)\.ﬁ‘ Lﬁjlabl.“' LSJ"‘-’C":'.)J}‘ @\L 9 ol wl:u
aS J‘}.JJL;« sdalie dol>- QL..,«:[}:A 9 @L:J J.Jﬁ

2 A SsSeme S s el Coeal
o Bl e A s ald e slugile S w

ol § S 5 S s

SPelS oo el DA asela sl Comr aslsl 3

g 8 il ke el 2ss b S a ) baad e
g S e e e e O3
S G L e VAT Ul s sl eley s
Sl Pl ausS e Sl ST
o opl 3l s Alie B b Sl il
Bde Ol asia b baslas 5 elol (6 S erenas
S laslae ST s el an S Jlae 25 lee
b oS s i dingy a8l b anils o)
(A S8 OFAY¥GLspl 5 ) ool S8k (glajlne

Uyl 5 55 1 i o 3 & o 5l (5359 (085 (ot il gl Y gz

Cond Bylzo (159 piyd g duliund i - Jg2d i ..
) S Saule . S
S & Lt hd o

o[-¥ ANS HAN -y \ IRLNES

vy VY /00 ) 5 S e i

+I¥N VAR \ VA a Slule

a ) vy V¥ v 9930 p2)8 g Adud (i
\7AN Y/¥Y ¥/¥ Yy OFw Egeme




24

EPA
1799 Gliuls & P bylods & 5 bjgs
Yoo Voo Voo sl aw p3 4Vl (o 9 GlaleyS S 1 (5571 B plime 1k (slamnlic Adgs
oMl 8591 8513810 5 Sl bt
2° 2°
a . a ) a Py
N _{ }\ ~ 3; o ~ ‘i; L5
B ..‘3x 22 “ " - "
33 3 3} 51 A9 23 5 43
‘31‘)" 32 3}3 {3 % ¥ _3 {3 % ¥
A a4 El 9 Tﬂ% . 1
Y 3 3 N 3 % ) Y : % n 5 : OSe 555
: 3 ~ N 3 1‘ : _g t o~ 1‘ m _g
2 I ol 3 A Sz . 3" § 2z N
33 2 3 % EA 3 < }s
- Tz = 3 a2 X 2 = 3 S ey
oy = o= N i % 5 2 i
-~ 2 -~ ™~ ) -~ ™~ )
——Z \Pu
YA YY/Y YV/A /4 ; FY/Y SYIY 4
3 ] s sly
22 23
% : §\ i Y.F.g
£ YAID YV \O/A A FY/A EYIV :; - Sob sl
25 = ? S5
.’}A 2 z\ ' v
1 :% “—5\ __g £
Yy ¥y ¥Y/0 \a/A J ¥ Y/0 . 2l ol
= 3 4y
Yoo Ay Yoo ¥0/0 Yoo \¥S/0 JS zex

ﬁgiwsﬁwapuw!éu,;SM
oot b a Ul e Ms glaesls 4 ar g
SIS Ao P gt Sok S 03 sl
o g CJL.m Sheslaad b o by ol s S oLl
g a o Sh e el Gl a4 S S5
e S b alie 55 ol YT L AL S
by G a5 Shae ) a8 atals Colio 5 Shas
5 el 035 Sy e by & e Yl G
el ails 25 4ol > Slas
obe 53 53 uyS s ol 2 oSSl sk 4
des mr @ S8 S5 4 e s S
sl Bl 5 ces s ohb S s b
el ol mlal sy o Glae olge
Cslie sl bl 57 ) Jadr 4 ar s L
G e b S e 5 535k dlas o b
5 e Lol b L Gl oWl oper
93 4 s Ak glacdl- s bl ) gsleans

.L&L){}wbuﬁ) b\y-a_!.).jl}ql:e,\.i 4.’3;'-\:;;

£

5 5 ot 9 Sy

sShee 3 goltle B8 an b L3l s

Silwand la o 5 A 5 Vol I8 3b 655

S bl ol 4 Ol 5 e

AB e U @ le S ot sy Gl )
Srae S5A Olpe 5 sy oo e e e
Sy w GRS s Gl cer o bo
Slaesls 31 55> 4 C’L“’ Gk S 5 S @l A Jsu
P RS Ol ol & Ol o
sl harsloy o ps b 2 Wl
ol glmele 51 2y Il 3w slacls slaas olsa
Sl ol el sl b s Sl 4 56 &S
ol

St ae o2l S S Olge gode ) slaad 4 Y
el e 5L Ol

G e 88 5o L edal s 4 s 5l Y

Gle Julo by cpl s a8 Cbys Ol e a8 e
Gy Ol 3 csllas (S Cel cnlie

3 Sl il ble 5 oers il S g



“ S JiiL‘j ERPS S I ol o & @L”J Gk
25 oA Pt 52 Olg e bdie 3 bl (SO
(4 Jgd) 5 S 4o

el OBl sl a3 p s a0
}géLAAT}QJW.AJ:AbQMMLEAQJV)) Y
S x4 STl b 6,8 s

B pan 433 ,Slos Cuddgo (wlwl g ialo jaw g inle )5 Sl 93 45 35T 4D duwd Ly ya3 (gl puio Canod] oyl A Jgoar
Yoo 9 Voo Voo (5651 dus 43 ding

yilyly bl o (oo bo o dinge 3 Sdos (0 Sk

el )b bl g (ulo 5 dings 255es () 2o

.. oylae 5 gud3l Ak
SR G Jlas .
JETN) P2

S5

sl oI
o,las 43 9wl EWIRVEY
L Tlao . abgs yo
Lo (ool @8

[ e bl
Voo
WSl ao o
- - - s
\
[45 50 2Ly
Yoo

Sl Sl bl el (5,5, sl
by Ao mln Ol Soo ol G2
5 oomS Wbl 03 1S QL3I LB sy el
sl wal Slens Sl b Ao e 3 ) (5 S e
5 oS b ST slatass s s e ke nl &
Sllile s ol wogr 5550 @ (msal 5 s
3550 1 gk o ke Sl S5 b gl oo
oy ol s Gl del Ll CBua G‘ﬁ: Jols s
aalr 3 le gbaabass 5 Bles S gend gliS

AL e g olens

Leusbal
. Ecotect
. Energy Plus ver. 8.1
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. Climate consultant software ver.4.0.
. Hikersbay

. EPW (Data Weather Plus Weather)
. Nalytical Hierarchy Process

0N LN AW~

@k S gl el by o3l BS Ja ys L
S5 Contl @ Ol o s 1y e Bl s 0l S
S SMhe Bl 5l 53 s g S s b S B
e G55 4 e Rl S (B ae S5 A e
et Bl Ol 5 e a4 el (b
S o Oblad 35150 ol 5l Gl 1) (el 5
AHP sy 5l ol Sllons 5 mls Gb Y
b Cadsl s el e S s e sdalls
S e A G S s bl
5ot i oMYl e b S cangle
3 ool Jlas G Y o o o b s AL 0
G e S g 5 Y el o b G o

RO RYES SRS RNSV-N PO U S [

(LR FRo-9Y)
Lo~k Gl Ly o Ok Lux LS

B Ol b ablis 5L L gol5le 5 slal )

&b



2

1199 Gliuss & P ojlai & ES 595

Eo

/\‘\—\ '9 QJ"G"D ‘(\Y‘) ‘Lf/,d/ci)[‘*""‘ QL&/&J cﬁjﬁ ] 5):" ‘d\féj Lgl'h[":b‘ DL

0=\ Law (V) Ol &

Wty oSS S i S (il apbrs iz (§nSaal YAV ) W Gl gl ¢ T

;wj.,u &Jl{ﬂ L;““"L"é“ ‘Ji}"j J.é..lr 6‘f LS':)‘J} g}:‘iL""T u.)l.ﬁ) cJ)Joua g}:,:’t_':' (\VAQ)ck)J‘LSJL} dJLA& ‘L);L(_S)v\:}
YV-FF o (D))

4 L;_)Lo.—td —L:;J d‘/ﬁjub Lg_)lji\ &..:..7— 9 bJ.M: r.:.L;\ DL L;’)‘JP- L;'l}b 4_2.19...4 (\r/\‘\)c&Lé)L} LS)L"Q ‘L);‘“LS)"L‘..}

ol polacl i gt ol Ll 3o oadl] folso ol flon 5 ey OYR i) O sl B
d‘]‘.’,\ ‘)‘)A‘ t‘}ﬁ)&.«d‘ JBT a&;\b t)‘.l.:_li 4:.«4}; 9 ‘512—:9:& Q‘;]ﬂl}u L;ﬁb.x} k;\.a u,:»a_l.o.h U'-ij}‘ LL&JLQ:»K_}:U

A (8550 A 3as) D mﬁal s Slaolale 5y 551 Gas g5l ange (\TAY) (B code e aila
VO—/\;UM ‘(09) ‘W c(J:J.JJl

cJ:.EJ)‘ J‘e’“:’ :LSJ))A M}m J:MJJ.M« dLLA DL W:u QL\M.A) LL‘“?- JA.:_LE‘ J;)ks ey c(\Y’Q') ‘L);, cd).&.} ‘\_94@..21.&
AYANOY Lo o(F) (il e s (5olaxs

Augenbroe, G., (2001, August 13-15) Building simulation trends going into the new millennium. Seventh
International IBPSA Conference, Brazil, http://www.ibpsa.org/proceedings/bs2001/bs01 0015 28.pdf.

De Wilde, P. (2004). Computational Support for Selection of Energy Saving Building Components (PhD thesis).
Delft University of Technology of Netherlands.

Genjo, K., & Matsumoto, Sh., & Hasegawa, K., & Yoshino, H. (2005, September 27-29). Energy consumption of
houses and lifestyle in cold climatic area of japan. World Sustainable building Conference, Japan, Tokyo.
http://www.irbnet.de/daten/iconda/CIB3184.pdf

Hong, T., & Chou, S.K., & Bong, T.Y. (2000), Building simulation: an overview of developments and
information sources, Building and Environment, 35(4), 347-361.

Jeberaj, S., Iniyan, S., (2006), A review of energy models, Renew & Sustain Energy Reviews, 10 (4), 281-311.

Nasrollahi, F., (2007), Effect of Architecture on Building Energy Demand in Cold Climates, EcoPapers Building
Technology and Design Energy and Environmental Modeling 2007, (24000045), https://econpapers.repec.
org/paper/ekd000240/ 24000045 .htm .

Tereci, A., & Tahira Elias Ozkan, S., & Eicker, U. (2013), Energy benchmarking for residential buildings,
Energy and Building, (60), 92-99.

Xia, Ch. (2008). Research on Design Methods of Energy-efficient Design for Building Scheme (PhD Thesis).
Tsinghua University of Beijing.





