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in achieving this goal. Supplying the required energy for cooling and heating of
buildings is one of the main concerns of energy consumption management and
in this regard, earth sheltered houses as a sustainable pattern by creating a
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sheltered building was evaluated and its energy consumption was calculated in
different cases of land subsidence and was compared with a non- ground shelter
model located on the ground. In the general process of research, after conducting
preliminary studies, building modeling was done with SketchUp software and
then soil temperature in Shiraz was determined at different depths. In the next
step, the climatic data of Shiraz city were extracted using Meteonorm software
and finally thermal simulation was performed in Energyplus software. The
simulation results showed that among all the depressions of the model in deep
soil, the graph related to cooling energy at a depth of 6 meters, shows annual

Keywords: Urban savings about 44% compared to the non-ground-shelter model and The heating
Planning, Underground energy diagram of the building in the same depth shows an 18% annual increase
Spaces, Sustainable compared to the ground-based model; But eventually, the total annual heating
Pattern, Earth Sheltered and cooling energy of the model at a depth of 6 meters shows a decrease of 32%
House, Energy Saving. compared to the model located on the ground, which is in fact the highest amount

of savings among other conditions.

Citation: Eghtedari, A., Nasr, T., Movahed, K., & Barzegar Marvasti, Z. (2023). Evaluation of Energy
Consumption in Earth sheltered House as a Sustainable Pattern in Urban Environment (Case study:
Shiraz City). Journal of Research and Urban Planning, Vol 14, No 54, PP:51-70.

DOI: 10.30495/JUPM.2022.29273.4035

DOR:

" Corresponding author: Tahereh Nasr, Tel: +987136410041 Email: Nasr@iaushiraz.ac.ir



Journal of Research and Urban Planning (Isuue 54, Autumn 2023) 52

Extended Abstract

Introduction

Improving energy efficiency in the residential sector of urban areas will become an important part of
achieving sustainable development in the near future, and how to reduce energy consumption and thus
reduce greenhouse gas emissions is one of the most important issues related to sustainability and urban
planning. In most countries, buildings are responsible for at least 40% of total energy consumption and
in developing countries, the current figure is rising. In addition, energy consumption in the residential
sector in developing countries is about 80% of total energy consumption and will increase in the future.
Using land as a building material can be a powerful tool in fighting against increasing energy
consumption and its destructive environmental effects. In this regard, earth sheltered structures as a
kind of creative design is defined as an alternative to conventional buildings built on the ground about
reducing Energy consumption. In this study, the consumption of cooling and heating energy in the
submerged species (atrium) in accordance with the architectural model of traditional houses in Shiraz
(central courtyard model), in the form of a new building model is investigated. The purpose of this study
is comparing the consumption of cooling and heating energy among atrium earth sheltered species with
non-ground shelter of the same model. The main question of the research is to what extent utilizing
earth sheltered model can be effective in reducing the cooling and heating loads compared to its similar
model on the ground level.

Methodology

At the beginning of the research, reputable scientific sites and articles were explored and the general
stages of the research began. In order to enter the required information into Energy Plus 2011 software
as thermal simulation software and to determine the heating and cooling loads of the model in different
cases, different research steps were taken. In the first step, Shiraz city weather information was extracted
from Meteonorm software. The second step was dedicated to determining the soil temperature at
different depths of the earth in Shiraz city using the relevant formula. And in the third step, three-
dimensional modeling of the building was built in SketchUp software so that by completing and entering
the required initial information, the thermal simulation of the model in different conditions of ground
and non-ground as a final step can be done.

Results and discussion

In this study, the consumption of cooling and heating energy in the central courtyard or atrium species
as an old pattern in the traditional architecture of Shiraz with a hot and dry climate, in modern form was
investigated. Heating and cooling diagrams show that with the immersion of the model in the soil, the
cooling need will be reduced and the heating need will be increased to some extent.

Conclusion

Examination of the results of thermal simulation of earth sheltered residential building in Shiraz city in
different situations of deep sinking, has shown that by gradually sinking the model in the ground, saving
total heating and cooling energy of the building and reducing its cooling needs could be occurred. The
sum of the annual heating and cooling loads indicates that the simulated construction model, in the
second to sixth cases compared to the similar non-earthen model (the first case), has total annual heating
and cooling needs and their amounts are respectively 17%, 19%, 20%, 28%, 32% savings. The highest
amount of savings is related to the installation of the model at depth 6 meters..



e

& o L ) .
S A LS AV

) VF.Y ")MU OF b)w NF 0,92
&
3308 VEVS_YAFD 1 Suig 21 LLG - FYYA -DYYA 1l Ll

https://jupm.marvdasht.iau.ir/

gy Al

S e e 53 Il (268 (lgie 4 0ly (e (Suwme 53 (55551 B pae ()]

(5150 e 28390 anlllae )

ol 63l o oMol 31 olKily ¢y dnlg g ylome g it 0aSEN ¢ g loxe 09,5 {6 D (omitils 18,8l e
U‘)”l 4)l)¢m s&oml .)l)T olKiisly ;)l)M:: A>|5 ‘d)la:m 9y oasisly 46)[4.:40 as)f f)l,\....flil.) u.).«&; b)ﬁlb

'O‘)ﬁl ﬂ)l).u\:# ‘L;o)tul bl)'i oKisly ‘)'I)i..."l .,\>|9 8 lono 9y IRCEA 8 lozo 59)5 fﬂgﬁb A0 9).4&4&

dAS>

Ao Wl

Slagplie )3 bledlo dlex 5l ol oximd JS5 clial 5 50 3 (S35l Span 3 & dog poles (93
Ol 4 e ol 3 Blgie (s b S32)40b 0 0 el (IS 5 0392 )10y 8 0 loag Cuenl S Sy 5 SasS
Copo ol sl a2as Sl o el (lo)S 5 Ghalepw Sl 0,90 (5551 0ol 28l IS 55T Loy Ban
sbad ) el o cudsS dbml b el 28l Gl 4 elycpes Sue Lsly cnl )3 5 conl (G5l Spae
8l Bl 30 G35 By SV (ol )3 gl (555l Bpas (Bl )3 (650 e S5 (o (3D
ol s o ioadls (S plsie 4 655 50 bl (sl ol e sl ()l 0,es 9y G (ieoR 5
dalee S )3 (6998 Sglito SV 3 ol (g5l Brae 5 28,5 )18 431590 sl siloleil SiSS
Sl Jde cadgl Slalllas ploil | ey gy (JS 259, 5 A dunllle (e a1 e oy (o) i Jo b
Al yo 33 03,5 e Sglite (3los] 3 ¢jlind ol 3 S (glod s g 05 plonil QLxSl a1 5 L ezl
P32 Sl iloand Coled 3 9 20,5 glil pygigtie 3dle 5l osliul L jlyed jaed (codlil laodls sy
by 3903 «SB- Glosl 13 Jao (K898 <V (oaled (oo j1a5 0 (L5 ulis . 0 sl o (5551 1581
2o Jhe & i 1y 203 ¥ (00 (e & Al g2y o) 5510 B B 3 (pdileyw (S35 4
gaw p jilee Jho &) s Wl (6300 WA Gl cgos lon ) Wy (oiale)S (6351 Jlages 5 oly e
s Sye £ Bee > Jo bl ilope g (oiale)S (655 Egeame oleg )3 Lol tamd oo (LS 1y (e
o oJie (o iy g )3 85 A3 0 S ) i g2 s Jo &) Cegn |y 103 VY oLl ¢y ol
S5 Spae (iRl g e jle g cole ST ol 6y oy Il YL Lo le > 5>

Al (3990

Ve [Vl )0 U

VNV ey g U
DV-Y- 1loius o, lowl

5 oSl (gly 295 oK |
Ol
o3zl T & ygu0 4 Al

18IS sojly

S e Sjytal
0o oly (e Same ol
S5l Spas > 29>

N Ol a1 8ly ey e 53 551 Bpan (bl (VWY) i g ye S50ty cdoge fopall cpai £ e ogylaBl L]
om0 aw cuibdgye DY ojlads VF Jlo 6 (30)4005 9 imgi dolilad o5 ymed 30 16590 anlllae ) g st Jrzo 5l

DOI: 10.30495/JUPM.2022.29273.4035
DOR:

Nasr@iaushiraz.ac.ir : g wSJl Cawy « +VA-YFEV o) 2800 a0l ) giamno dkianns o3 .1



oy (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

Aol

rtelp Gl @l el g ol ool 3 Lol s g bl 4 @yl 4 ] laany (b b b anwg &S Ll
Sk corlail lhl o ey s ed el 6N S )3 5 At e isteln 3 Crlpli )l oS (g0
sl SIS wd pBY codgie (Rafieeet al. 2021:100) k)l (g3 paly (i o e (gyll 5 (clan! — K )b
53050 518 455 390 (655 Bae (el U ol o (g3baidl g awlw (gl ol 5 i Lol (odlaidl Wby Jae Cuj
OS5l crpete olois 4 s (Maftouni& Motaghedi, 2020:215) 355 (¢,Ssl> b o 5 Cljlas ol 5l Y] o
5 Bped iyl > 5yl ol 4 3y Gl cpl )3 Wl G Bpae iledie 3 (ot LB (S5 oSS pan
5,5 gl b Jodllyginms QB 13 5 ololis o9 @ 1) calio g bas ola)Kaly olgn b Bl &ygps o 10 3990 slaledlo
lid )3 et iSu 4 S35 0] ) g Bblie SeSume i 43 (55 oles], <5 ,)| (Mirmoghtadaii, et al., 2015:97)
G Slegsge Sl (S (S (slajls Lanl (ials’ ol a3 g (55l Bpae (il (SigSe g 95d 00 Jidd Jaly dnegi 4
Gl Gpae (Lol 5 s Cures . (Hajipour & Forouzaan, 2014:17) cul (g dawss 5 (6554005 5 (g)lub b s e
Sled 1y 5k olime o iy )3 1y diladon My oy e s oS ablie aSly i paiane g0 4y dhasly cpl ol iol3sl b g
ool daypiS el )3 (Wright, 2018:8) a5 aalgs s 95 Yede Jlo b (5] Gpmo (slili (ol il ol 5 casly
o i b Anlgd 03938l 55 0] 13 g Canl (6551 JS B ramn o yd Av Loy dmang Sl 40 (ol yguiS D SeSume iSu (65!
WIS Jlo d (b & ol o 958 s gl 55k Jlie e e L5 il 53 g5 Byams gl |y glsl LAl HVACT o]
A WY 98 (alopus Ui @) sl lisgiin ogilly LW (pizpan fusl 00 by 93 Ly (] 1 Esidae 4585 Slopius (298
aren g (laidl ) | b (65,0 Buae oS Sl dgd oo (U bl (oliyeuiS il Bl )y el el sdstie YL
Wyo & ()i (5l 4 (g ytod Bl doldl (328" 057 (6551 55 oo o Canuw s 1l Sle (Sl )3 Sl (b
5 5 Gk ek b slaBl ang Ll & S9S Slee (Al 4 g b S (el den (i ) b g sleel B
Lol as g BB ol amd zug i 1y ol dewss g 0old Liuljal ]y elain! (gobaidl Wby ogdll job & Wlgi o (5591 (5550 500 ol
BBy SYgaze 5 culie (S5 blpd ol Lols (1S 50 o (sl Sless 5 leidlo Gise @ pw 48, @ olye | 55
&S ol (o cplpls fwl ()8 ST (oo jlisl Lials gly (slalawg g o0y wlaw Gan S (6551 (59040 O Cnd B0
sl dmgs Sl L 1y (65,1 o33l b sl ylozili o8 s 5 23l Jarmocn sladely joo o5l (o3b b slagylozslu
1S S8 ol e 4 azg BB b 4 wilg o bplasle cpl 1y s Caenly jlan 83 e g (SDGS)
Omanasiie Lwly pl 3 93,8 J1,8 das g5 3500 Wid plod o b &S cunl LS Jledls ja (gl (65,50 (555040 (FOQIa,2018:10)
oMl g (3o} 5l 6yl p0 00 Epdge Wil (S5 05 Bras b g CudS b laplatlo 35 4 Cul jhp Cunj bame g (el
S i 4 oo 3l ool .(Karimi, etal., 2020:124) cul 039 j9uiS oyl pde sacIEd oy Soto I 0 lgen QT YGRS
ol sy (sl bidlus bl ol 5> 9 sl OT e Cyme il g (6550l Ban (li8l L Kin 3 (668 6yl Wlg5 o Sloid o oole
Lo s iy (§3p Bpas (il Cua (o) gdaw p odd adle B)liie laliy sl (20l 5 GBS (SLb £ G lgis 4
o3l sl den b 393 )18 (slalgnd 5l (oalaws Ladlo lgie 4y o) 0395 I lals ol (Al-Temeemi & Harris, 2004:251)
oy (o) e 598Ul 1 oaliinl sty 3t Syl sliwl) )3 9 Jlok (S8 dmwg Slaal 4 a2 L &S sl cpl (Lol Sl
O g g 2 aldie Jao 4y Cund Gl (tole)S g (salop i (Al )3 Wl oo liee 42 jlied 0d )3 655 e bl

sl 38,50

a8 (6515 (Flo g iy
Jb > slygitS il g ablidnns (slo)iS’ (oolos )3 (50 (e SBlaal oy yiare | (S0 b JIub dmwg 4 (st 0fg el
50 2 Foe slS Jolse 355 (Lol pilins o 0 oo sl iliee Jalse 58T otk dnngs & ool Sl ol dnngs

3, Heating, Ventilation, Air conditioning



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 ba

Jolge @ dogi (cpad b dnwg D 3o Jolge jI S o(Nasr, 2019: 189) wib o 35)b ,S0us  Jolse opl & Syl
A3be e bt slelln Sl 5 3L (sla S5 & gt by ol 3 5 ol (630l 5 Jnonocans;

8 ookl 550 (Il uwlwi WL Slp ol bl jl (o)l 10 diBIS 10 5 Cund (sl Saw ol o (g5l st b ST
ol ol 423> 1y 31187 oy e b 3 g cuiS el e 5l ookl b o slu e slaly ;5 (S5 el 48,5
Hassan & ) wloss 1 %05 (slaglSe | 6ot 3 ooih O] 5 5 s (sy3 5 (ol 53 ol (il (sl 5
5 Ol o bulys 5l piee (690 oz g olpl iS5 p)5 walil 3 i olb S g lexs .V JS5) (Somiyoshi, 2018:252
Glabiogy g ol pw dayllol dacld dables daaxel IS (Arab & Farrokh zaad, 2017:182) 15,5 o odlatul olea
5 oilesS (ilops (el )3 (eaipj slalas 38 5l pladiges wbilis 5 iala)S ilopw 33 b SUBCblS b s
(Ghibakl00,2014:211) il o Slpl slayead 2 Y 5 oli dlae (5,105

Py 655 sl ome; B6 Y UK 45 g S Jphe il JIgF —F UK ouiS 3 5,1 gails Whleso - JSUS
LSl guisS’ Ol o Ty

BB dgione Lol 39y 00 9,8 SB- 53 JolS'l JolS dod ©j50 41 b 9 358 o0 00y ST dlwsg 4y oliy e (slalidd 42 51
Jolis ol o (5 ylome Lol SiSS ds (Al-Neama, 2011:20) ol )38 155 jlws ol e 4565 bl § (6 35 ponai 5> Colus
A3l 526 — a5 b o'l 4 090 U550 ble) pony]

Sl 5 s ¢Sl ) Abbg o wiun (53550 Glable )l g 3g)ce 9% (o5 3 Mol oy ol (g5 50 ble) oyl Jao
39 o S8 (e o b lasipe aly oy s I 5 sbalad 4 (Lol (g pod )l oage 4 (B glalad gl ) jluleds
[l el ¥ S (¥ JS)

38y S50 5 6 S0 solaie 4 gl S g 095 oo yiue 4 b g 08 (190 el &Sl 3 iglas 9 e
o el F JS8) aias (o9 080w 53 Jlodd 9 (Jloud oS0 )3 g ) gl & 9) Ygomo

@SBy oS o0 S5 e 59y 9 U BLb )3 0ud 03,88 ST udlil g () b jle g Cale ST cnl 1256 - 45 e
FJS) g o dnsd Lo dgen i b S50 Jgeme ol & gl 005 o (glicad (g0l barme Cuons 4 Uy (gl il )5
(o s

oy JBlus & s (S90S sl g gl baome (sl Ceanlio ko) JBlis 4 55l a5 le ol e sl (gLl
boo plp 5 bl g cladlro g o2 Lulpd pl 53 o clablons (ST b zgbaw ()05 0dndyy 2 4295 b (§)l05S g preni slaai o
3 mlee s (lolyd (cblie 3939 b ol e (slalad ( Slaidle sbdisS plo yeen (Benardos, et al., 2014:47) ;) 4
W9 (5luBlasd g (g bl & Cunl (ke (culidly) g sl Slaasiz (G155 (S0 ol Sy s 3 S
005 Pl 1S (92 o (S Jed I (e Sllus] Jold (e slaldd )3 )5 L (S5 el p3je 5l (i oSy
el Bl oS b s pl 45 1,5k ol 1 e Al Lol 13k e canliol 4505 5 sodl (glo 3 (b pis olgl 5
4 Cud p3y0 (3ol 5 (a500l g0 ) g 030 laipe cardd reinj sloly By o il g (2hb oml cdS 4
s by (njpj slad 1> (S5 (Sib 4 Ngd o arlse (sages JUBl g (Bpdy b ol cpl wolyipe slaglostlo slacass

Matmata

Gary Neville
Atrium (Court Yard)
In hill

Bermed plan

LN o g~



b# (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

Ol 3 ool & 35 e able eyl SIS b gpde 9> 0 eeing Soleme sl ol apdy p3ye I o3k
J g bame b 5l 5 S b loldd 4y ]y oy e slaplombl s o8 (alrefgy g2l LS 50 Wl slacsslysss
(b Cunj e CuieS bai> gy ogMle 5 0105 (K g (So)U e 395 lglh8 sblie b B sbaly cpl () Jgi) cawl 03905
(Wright, 2016:8) )5 caskio STy 555 Sl saslis gy (slbjles 4y g

Sl Gile 5 Sl il 033 3)Shes 93 s Iga b avlio ) S 15 ol (3005 b I ogliio oly (e (5L ()l Laea
Glod LS a1, 81 &)l il 53 el oymej 6 (S5 (glod S e bl (Sean Kim& Kim, 2018:260)us,
23 o oy o) 8L 0093 & ) ol 5 31 ey e & el |y (508 slod S ST s 3 5 amd e iy 5 Ok
55 RS b it (pon ) (e 1o 4) 58 45 3 (alo)S g (alopus (53] By gy el 5 (Anselm,2008:1216)
3y90 e Sl Juo S QB > (SS9 a5 da el lulid L (6550 bl (g5) Jlied jped i sall (gloxe
DS o 8 oo

G o ibogh opl 53 (ANSelM,2008:1216) sad oo s oby (o) sldd (950 a1y )] 93,05 (o oxdaw 40 s | (6 pdn (slod
bl (568l) Sl 1o (it sloils (g)lans (565U 08 b it (psz T) (0 )3 428 98 W55 ) (alo)S g (sl oo (55
dliio (yipgfy Pl Jl Ban 305 (oo 5118 () 390 e SleiBle Jae G B 3 SS9 25 dor (corldl LS L (555 50
Ol gk nl 33 Bl Jae plon oly (i Sl b (63550 bl olygpe) 465 53 (oiale)S g (toloyw (551 Spae
S 9919.8 o5 ewalll (Gl (Lol dlal ol (ol)giSTh g ditunly usie plgis @ (alopw g (Liule)S Slajls ) pgpedye
Je o piio plgis & SB (5)lp Gla Shy 5 (Srae las dy cadlad (5 dy 315 4 19 3985 (jne (o) o & Capess

Caolodds plosl (goaxie (gl yimghs ylpl 10 (s (g53y40b 30 (50 (L aelyn Llons a8 )3 a5 jo

556 —ag b (o 055 diald ) yiiume (o opg T s (Ll
(Reference: Saqaff, et al., 2016) - ol cpoj AL 5 gugaid -F JSS

©gliie S gy g5 43 0y (o) ol (A1ob b ke -Y Jooa

(o220 b 3l (53850 bl) pgr T sl a5 g b pSB ag e
FoS 218 Y 8 Sdygs byl s
Vb IS oS )8 Sl ols
oS )8 YL ol b 9 3l o 0xke
Yu o );'.05&1)’5 3l ol yd cladloe
Yu &US oS &l)k Sy ufa}l'l oy bl
(Olowsl & 233) Cinnis (@) S5 03) YL 2l Srar plal]
Sid g2y waldl )3 sl IS Jaae w8l 1 Wb TS il

( Reference: Saqaff, et al., 2016:697)

4 00l Jraod (ALl )l sy cayse (ad Lol (ygx (LYo 4 kS g okl plod b (e e s ol S b duglie
ol cdlo aza By o 93,16 Camaly ) g slo el (Y aje Cou bl Wil e YL DY eh g b i B pae g ojle
Dlas s obpose J o S Sl agts 4 cusliol (slgn 9 O L (iblio )3 0fag 4 (o) sl 8 JYazul il L)



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 by

sblad » S5 Sk« (Neama Al-, 2011:19) uihy o (o) g9y wlio slaly cilujl 5ol5,l Bl 5o (658 (3 pao
oS 295 o0 ablo (b piey S S5oIpSS L (he (9> ) (ein) S)lene Cunl 0ad Wby p3ye Sl (3L B bawg (e
Lo L )5 jlo 5 ot b olalad 4 1 ol e (slaplaiblos olsi o8 alwofgyy slial U8 ) 20l (lo g5y ol 3l oozl
bioe CadS Lo ogMle § 25,105 (K& 9 (S0 e 295 (lsl8 bl b Al glal (ol () Jgi) sl o905 S C
oly ey 5L )l Lases (Wright, 2016:8) 55)ls cawlie STy 353 (3iSlo i ey sl 4 o e gmbs o
Sean 2018:260)usl o gjls rle 5 Syl g3 0yd 3,5kos 93 (el ln by duglio > S |5 Casl e prlaws ) oglize
lad 1 el 05 ooy (VL (lod (glod a4y 5wy Sl 5oy S pd e slod G o Glee! jo > (KiIM& Kim,
ol 5358 Sy padie 5y e 15 o bl clizgy il BI85 516 05 o il (5 iaS (sloS elioij 5D
45 ol (e o s sloly b duglio 3 1) o] 5 o Sl ]y By slab clod b g 4y, Sllug ()l p 2
&35 Py Juad yd g il Jad S g5l 4 ol S5 pty SB b 058 v (Benardos, et al., 2014:8) 5,5
&5 il L S Jlo dyw pbl )3 g 395 0 (6y9) @en 315 399 ST s il a5 bl )3 (6550 4 Canline s g 34 00
Ol Ao ol 2 ol (55955 53l rle 3l oolitol sl 2D)IS 29000 (Sl Ll 33,5 o 255 it 42130 2y (o2l
Iy i (slod p )5 S liwo 13 5 amd o g 3 b glod L SB a1y I3 ajlis lianl 5o ol ey Al (S slod
Y3k il b 5led 105 glane (ANSEIM,2008:1216) wndgo g ol o5 sl 0193 41 ol 5 231> (e s &4 g
Cals 295 g 48" Cusl 0dly (gl 353 50 1y Jlub slalad pl 5l (eoasie sladiged jgpel U atdlS | oy slalas cilw diwj )
ooy o dadsls cpl 3 d92g0 (SgSume 9 (Slosd oy inj > 48) 93 4o g yure haw | Jisml (63550 bl Sl (i
oy 9 (Slodd ()T ((b)yg SaLAS g0 395 yoles Ll > (Sunjnj SRS (At 9290 (pl Whe ladilsg 4
o 5 o lngSl o 03y o 5 il sl 6yt 5 Lo J 35 b Jlad csloabosS By ulissl S b
s5lgh b (2l ol 5> Wl 5 Sl e o Bl o8y 4 ol 13 S )5 L A5 b ogS 5 by dad g 08 p SIS
21 e el (g e (b sl s 5 (55 Bpae SIS Cua > cuslie (295 el g0 53 5 0398 (i
b ol (por 1) e )3 428y 9,8 465 1> (e )S g (ulo oo (5531 Bme cstimody (wl )3 bl (bl drgs Ca
Sltle Jao o QB > (Sis 5 05 das (ool Ll yd b (655 0 bl (653) 5t o s glaails (gilame (595 (1S
Al b Jlops sl olyie; 665 10 (oalo)S g (saloper (655 Bpae dulio ¢ simgfy Pl | Bam 3,8 o B gy 2050 N2
ol Sl (K8)9)8 Bes Ol o 4 Lulyd den (Jae cpl (il 0)es 4 (30 (0 pshaie 4 ABle S plon ol (et
o ddye olie (imghy cnl )3 Db 4Bl ol )3 (G5l Brae (i 3 Jolo cul oy s o b osd a8 )3 Jlas > b o Jao
& S (SSigy558 a5 il 85535 cclaile sled s oy 5 iy it yie & (pitileyw 5 (olo)S (slasly
A3 Jite slapite plyie 4 S Gyl Sl Shy g (Srae glae i cudlad plie L J31 4 19n 398 (e cne) o
Jolis gl (3t age 5l digad dw oS 0 plonl (daxie sl gy (il )3 b Giutelin o 5l DS el Wloss aib )
Barakpour & ) Sl g olpl 53 o) oS iaaelip 0jen 53 (il Bpas (gilwdigy bl slawlis wo)y
e R (5290 ga cSeSame i > ($3,Skes S5yl Bpas iy b p)b b wyp (Mosanenzadeh, 2011
Mirmoghtadai, ) ;1! g bl (6585 (5 32y40b 2 it )3 (655] B yuno olSols iuslas aulio o (Hajipour& Forouzaan,2014)
&% Oplm bpingh & Cul ol (o) (Sotie ST L SIS > (ueinj slaly > 3l LA AL (€L Al 2016
Sl 3T emes b oles )3 slaglezilo )3 o5 Sl JU 2 Bres (6190 siw0j Slopleidle 4k )3 ) Gl ae
0 yuS ligans My Lol Wit dlos (pl 1 (Sod (sdn 50 Ojgo 4 )l Colin Vblee  slwlid (e yj slaly (gam 90
Syl gl oobj Qlime )05 g2y e ol 3 (erlie ladsboged « ejyj laly )3 (il e g (65l B e
O1)lSen 5" slogS 15 068 2 tale)S 5 by dine) 1 (65508 (651 B Sl (e s (slaliy b aglie )3 e slaly &S
Ml poS (o5 59y Sl b duglie 3 olycyej bl 13 Ol Jl5 Glie Glime Jobo p3 o4 2Ly 55 Jiaghy (bl
Bl o ili8lan D ALY lie 4 e 90 (g0jl0l & e Ges )d 3385958 b aS e (glod a5 oy L Wl ciliass gl

. Kumara



bA (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

ol lsn g O Lalys s ola ke 45 sy e cpl 4 dmgh b Sy 5 Soll (Kumara, et al., 2007:2450)
Colin o yi g S g5 & 0 asuie 35 () 3 9 5yl S (glad g |y b st g 0392 IS 5L e e S
O il 3l dumlie (gl Ll (Slo3IUT (rizpan )5 oliyime (slaliy 13 (5551 B e (g3l Jolaia 13 (5598 558G ] ol
Bl s 5 o (9ol S g & dog b (uajpj sl o o8 313 (L5 e o5 0 o] e 5 (e oy st sl S
Staniec ) >9s dxlge 393  xawg) dlie Jho ds Cod duoyd Vo Y+ o3l 4 5yl 5L il b bl o o) oy ooy (5l >
OB b 0 b e g e S9y Sl dwalio balaly > dmgdy o Sl 57 M50, 5 (& Nowak, 2011:211
3 b ol 5l 0590 Gtalopw 5 il 4 a2 b haojn sl plailo (65l 3Skes oS S don ol 4 Sglite o ite
28l (oo (03 b Jolos g5 9 ST (2898 (liee c2lsm 5 ol bl ol IS 5 ojlul et lo )8 g5 aiile Sy sz
lol 8,3 ¢y g0 oLy ysoj (gl loid b die 3 LyguiS Ll j> Lt wlisass a5 4 L (Van Dronkelaar, et al., 2014:129)
aabdl j3 aS 5l dgng (Sl liand g ¢ poles (sl wiged clist glp YU Jowily 5 (Su,l oo sladiges oyl b ol eSS )
OF 5 )3 & Atus JSdmghy o)1y Al s e 03 gd (5l Bras 3 asrddie il o gl ) (S
Ko a5y cojlodonss 5 ool L 335 yad 3 ciliss (slacs,lS Llize 1B b (g3 690,00 plai o 5], oy S ezl
5 O (F9Same S lS W SB > platilo (18 98 Ges I L &S 20 ol ) (S @l 5 635 ey oM (5] Ilp 5
Gl 9 2o P gSne )l clat Bos kulyd 53 5 30> (5l e L) (Siser (lire (a8 (oBjgel )
(Akrami& Nasrollahi, 2016:41) cuils sialgd sgvdbyo 6550 Gras 1 Loy OF 55+ &YV i ja Sjgel 9 (5ol ¢ e
5205 595 9 0 il s )3 SB (clod ol )3 45T ol plol gy oy (e slaly 1> (G5l B dine 3 (5)k> 5 Slod]
S5l oo 5110 P 53 il e Sl o3kl L (ol A Julod g 4155 e 9 35 Al ()l Jhe S 5l ealil L
239 pasuie B )8 plonl (oo —F B =Y Glael > gz 4 9 b dpe Lol (e ploitblo o g (e aw VL gl
Ol (g5l dnnd @S )15 (6 5tk 3 Sos wldl £l 55 Coleg 3 5 WS (o )8y Wse (5551 Bpuae Llod 4y plaidle il slosl
9 Ol 3l ik 2 1 3 3Pl B 3 (29> Byo (i uuldl dw ol 0nd 485 L5 )3 SB slayiell 4 axgi L a0l
L sS ol Uyl gy 3Sdes Jlo o) Jgad )3 5 S g o5 wuldl 3 njnj gl (IS job g cunl 0392 055
0Sles p ol ploul Gladss diej jd (Slgld sla gwls a8 oy Hlis b sy il (oo sho @ Glos! jI pam o ) dolo g
2 ol (58 9,8 Gos Glise wile (55 Bpas (giludinge b e (b Gimgg plxl )15 3929 olyiye) spleb b ()l >
SiSS 5l oalisl b Jlb (sl wiaas b oy (05 ol oS 5 5 (S59)5e5 « SB- 95 oS pae glliae 985 g 98 o )8 S
Qgod (pudld g Sis g p )5 daws paldl b jlyd b (IMani& Heydari, 2016:89) cuwl (gis (a9 diojls o ki (sl jig) o b
5 Golite (sl (65 CIB o1y Walad oyl polee (sl dges clin] Juwdli a5 Caol (ol dles 5 Guojpms slobad tww sla
8,55 )8 imeks 3)0 b ol 3 S B gl )3 (6551 B o o5 g aldd oyl oy b3 g bl ) (GgSe (608 e ]

ilee ) lge Jold Gimogy (ol wszler jlead bl Glsd el

P by bl (ialojus 5 (oalo)S L3 geme SIS 1 (S s 13 (5550 bl sl olyime; sl S0 (53 5,8 gl 4w 58
Cowl

sl 30 Ly Wl (slojus Sl gemme (iRl 2 oS Gas 13 (555 50 bl (sl olyme) sl o 035 9,8 1090 s 8
sl 350 Ly bl (22l S 5l ggarme (S SB G 3 655 m bl b elyges sle S (53, 9,8 1o gm0 4 58

GBeiod (g 9 3o
4 & Cul (555 50 bl Sladlo Juo G (5395 9 (il Sl e Cusl 0l plol (oS gy L &S gy ol plsl ) G
Vb LSy pn 0 Jae cdalojw g (lalo)S (slajl Bpas Colod 13 93,5 0 995 4 oliyiye) (b 5 4B) 5)8 (e Bes 5D @)
2 lls jglaie 4y (haghy plodl £ yd Al 13 0,8 (o0 )8 duglie 3)50 (i) a2 yiune oliy e b b b (e 55 48, 98
CES 8 SIS )50 Ve 5 ol pitne slacols ol cony I liabl g gadge Bilsw () 9 S35 GBSl b Lo po panlie

' Staniec 0
I Nowak !
. Van Dronkelaar 2



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 M

O g ol Sl J58le 3 lsie 4 NN Gudlocglil J58le 5 4 5l 250 leMbl 399 Ca 23S ST Shmgly IS Jolye
P )3 s anlgs o,Lil Ll a4 aels] p3 a8 Wb axslyy Sglite (imgh slaplS caliste SV (5 Jao inlopw g iule)S (clayb
P SE Glod G 4 pgd p 105 gl pdlpygigtte J38le 5 5l Gl 2)90 (sorldl (slmodls g jld ad lsm g ol leMbl (gl
MRy 3 pledle siman iloie pgw pl5 3 5 Cdl olaisl dbgype o8 5l oolial b jlied o 53 () Cogliste (sl
2 g olyope; hlize SV > Jue (Sl giludnd Gl )50 adsl CEMBL 3959 5 JraSS b b ud pll Gl (S5
alox 5 a5 wmd o )3 13l cou |y )l 5,Sles (eouaio Jolgs wej; slailo 13 0 pk ©yge 3T pE lgic 4 ol e
ool IS5 iej b plosl Julds 55 cme) 23 9098 o sl BLLI SB g9 Lol )b (Jamo bl & s oo
9 $9)9)8 e & 1> o 51 .(Van Dronkelaar, et al., 2014:130) 3905 0,l3] (bbb (5,8 g4 g a3, 15 4 Sladlo plas
Wi ol 3 IV sl (o olyime; slaly )3 ()l 3, 8es (s (Sl yite (25550 5 (ke Sl Omes b QLo Lo Jols 0g20
5005 w8l b jled 0 (e (iloneyd > adyy 268 plgie @ pg il b (5550 bl 65 ) (dilo)S 5 sl s (551 B o
Jbo (S8g,08 Sglite Vo )3 o duglie g )l 3,8kas 4 (0 (g polaie & EES B oy 350 ol e Sl 3 St
2 Jole onl oy 4 Bpo B ond 43S Jlas )3 <ol e (obos (sl cnj 3 (558958 Bes Oliee o @ Laalpd den ¢ (e

Do i3y ol pes sl lain b jd (655l Bpne lise

a9 sladdly g o

d'yhggi OleMb! z1ySuu] 95% g (g3 eloul puw Gl

dilaio )3 4dd> YO g 423 VA gldlyie (20 ) 9 B> ¥V g 420 OV (ol Jobo )3 (o)l il 3550 lgie 4 jlind o
o &l)) olmodly )3T Llwl ol yi0 VOIA 39 by o I s ol bawgie gla5)) g cowl 48,5 )1)3 ol Sis g p )5 dew
Barzegar& ) ogu oo a3l oyl Cumon o pid cpedmiy Glgie 4 g Cuwl odgy 05 VASA Y lild b Cumes ‘)Loi Sy sow jl
oloyw g inle,S (655 Olalxe (slacygps 5l i 2lgn 9 ol SleMbl ]yl (Heydari, 2012;46; Nasr, 2019:190
Oygo Al o Lo Cilisee SLdl s blE gly wlislgn slaosly 0Jgs (gl plas o5 (g))58lp 5 a8 pygisiie 158l p 5 L &S ] Joo
4 505 odlasiwl baye (sladoliys )0 90y cdlyn 1y e 5l (glaleds o wlidlen cleMbl g5 o adly cpl 5l ool b .cdpdy
lon 5 Ol g5 dom (Sts g gl lime i ysd 495 BB SAS (o g gy e Dol 13 g (slod (pgzman SNl Jle lsis
Ol sl sy BB 1380 e x5 ol 515500 (sl el )y 5l (ol 5 209> (a3 (B Gline ol oy i slod (St slod
(Www.Metonorm.com) &S e cdlyyd 45,00 Jlo ¥e g awliblen o)lgnle 8 ¢ puine (wlidlgn olKiwnl AYYA 1) 555 CleMbl aoli
5 crialopw 3l alre jlaio 4y 5 03,5 glpl jlhed wed (alomg] Sl pygigiio Jiile s Sl eolitl b (imgsy el
ol 0 03Ll M (6550 458l oy 5> Jde piule)S

lod o3gazte 4y Cuns 1) dilale (glod JBlis lawgio g dilale (glod iSTus lawgio ojlynd o dilale (glod lawgio B Hloged JSS
JWo jlole o (slod bwgie camsg o] )3 a5 dmd o L5 i ad 3 1) loa (clod ailale il s (V) Jods g dad o oylis oLl
el lon slod Jlas 5l ol addaie dgas sl 0ads yaseiie Jlo Juad o (clod iSTus g J8lus Lawgio g iolol sdgdote 45 s
D 0 dod PO U Y o d Cugby 03500 g 31,8 Bl a0 YE LYY ply oyl jI8 Sldlas (oie dnd ¥e YD oy oS
Sl oinlel 039050 5 ol g prolgs o ywlo 99 gl (claole 13 jlyud pad (slod bawgie F oo & dogi b g oo 4585
3 Loy aipin buwgie s )l Siolwl o3game 1 5YL ST ole jd (03b; as U g yuolipw «ewsST o cVo> g5 sl olo ) g
10w dews ol g £)5 Hlws (sl bl Cowl a3V ltue) Juad ;0 lod deS lawgio 5 31,5 Sl a3 YA bl Juad
£ 085 Yl Jlo 3 cslosle 15 Ll ailigo 5 csloele 53 (iloo 15 (352 Yl el 395 oS 33 Sy 50 (smil (sl Sz
PY B 003 VW (i () ©pgo @0 jlied jad )3 19 Cugb) bawgie md (S ]y (cdole)S (sl Wl oo L ()8 gy
oo YL slod I 85)l> oS alasly S0aSu b (g g 5 Lod Bl (linald b & bgyjo sl pB)] &8 ol piiie a0

. Metonorm 3
!, Sketchup 4
I, Energy plus 3


http://www.metonorm.com/

Fe (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

SWolo 3 jlpnd ;oo (Slod il 9 dineS anwgie ylie 9 Walo Lawgite (glod —O JSW
(Reference: Meteorological data, 2009-2018) —<ikisce

JUo sole 13 1 s (Slod Canrdg Jaloss -Y Joun

&MB
[RIEC A _ la...uyua
bwgis YREN Siplcdbys e ol Canss od Lawgio olo
bod digeS | 3k by o5k el buugie 6 | S\l || Gl e | (05Y)
e ) >
(i b
\
) JAR\ ¥YY oS W A Golj
¥ ) A fos oS \$ | 4y
\ \ i £y oS ¥\ W ok
o.)9.l>ua BEl _
A\ Y ¥4 ¥YY L Yo \\4 gl
Ol
039d>xo 3
A Y Yo [AANY . Yy vy «®
ool
AR Y Yy Yy piiosd v YA 995
vy A ¥ vy iy YA Yol sYe
vy Y Yo vy i Y Y| ST
A \ 2 o5+ b Y YO | peelie
s \ s sys b YA Yo | S
5 \ £y ave o1 Y- W el
¥ \ Y ) o1 W V| peles

(Reference: Meteorological data, 2009-2018)

Gliseo Glos! > S slod vl

2 ol s g cawl L 090 leidle Blbl 5 ciglaie by gos o S lod ol e Gleidln gyl 3 Slas adllas 4l
.(Ghiabakloo, 2014:217) .l lize alises (sl Ceand > S slod s Ky cilisee sl > SB S cbayzalyl
slod o)l Cagby lie «SB gg5 an aisb o &ylps Jal ol 5 (56 &8 dilisee Glesl )3 SB glad 9 SB 5 o)l s Jlas]
S S gl a4 ol SB Gl Glasl (sled i a3 )b (St SB e e 5 L8] Slel dya
GRS Gas & o 3] 8 S )3 Ll Al o AVLs g Sy 5 wlis) plog S Jels B sles IS o S
[(Parsafar & Maroofi, 2011:141) 28 o Iy (]38l Ges oo 4y pdawws jl 3y Jouad (b g b o0

SE Gl ceh copd 5SS o oy gl 303 ooy 3585 > alon ) S glite (slo Sg o8 ool 53 6
Slosds wlyl (goaaie gla s (o Job 55 calises las! )0 S (slod (poss (gly )l Jlo Jobo 0 S (glod 1> ol 43U 3
(Ghiabakloo, 2014:217) ¢l odd 4o Jls g (g5l (55955 by o aail



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 7

fez
=t
T vw{n —ng)
+ Agexp | —= s5in
0€xP ( \|T‘F|:1tx) [ TRa ™
T ﬂ

—z =

TEME Y

los =tm o oy o) pdaw 1 S Bes =7 0S5 Ol da)d o 43 j50 yloj g es ;0 S sled =ts.; (V) sy 5o
ogily gl 3 o joy cpioym E959 Sy 0xled =N0 gl gl 51 5kaid)g0 jo 0jlad =N ]S 8l a2 ) o 2 I VLo (0L
duwle 18 (V) dayly a8 cunl m2/day sy SB ol )S 398 s =0 (OC) lga (clod zge ately =Ag ¢ o dde =TT

1wl

A
¥/ A A )

T o W )]

85 Cashy 20y W KGIM® (s s S (oo p2 =05 WIML K sy S Gl bin o ps =As (1) dlad 3
o )8 5l dxy g B S Wigad (9,505 b oy 4 SB by SS9 93) el Ui 2 4 Ol e S b sl i
(Nl oo Cuwd 4058 53 o

R 3 20> B s b S lawle SB (gl SB lod T ol g y5tne slajiall g S slod dloro Jge 3 il oalisul L
5 5 015 plog] ¥ gl illas Jlw olo yn 5 oasiio jo sl lsbmo ) sl 55 dsloe —8 b=/ (gl gac (sl Sy
e e iy oo 3 be 59 0851y ot ot S 53 s 3 oty ol 05 5315 il 415 lages IS5 5
lod o (gl 4333590 59, 05l o ygods Al 5 090 K 13 ] 5l dw olo yi @8I FL s g 0b 3)lg (V) dlee 45 a5 el
ol ods aB)S L5 ) 5o, o] > S

Gos dp 5p & Amd o L il Glasl )3 o St i g 039 (i E9e S g0ty (o) Ay (slod 4V Ls (¢S
o) M 8IS YL b (5S3e (510> 5 Ly 5 0352 5 a8 Shlogs (s Jlo b > ST (5lod Sl ofim 25 iy
OMB (o) (g0 A Bas ;0 5 a0 ¥ dgds 65k Lyid Fos )0 A Dgds o) (ke dw Bos ) a5 WS e layg dsbl Sl U sl

g odalie Jlo 3 pw 9 p,5 Jamad 0 S glod o )T ol da )0 VD 39d>
Sl Ol S led 098 judin SB 53 (3) 98 e &S dmd oo LIS jlind b i Jgad )3 S led

ol 0ads 03ly L & Jlaged JSKS 43 a8 dad o0 Hl,E 5 wllle J)lis LS e Ve 4 SO0 B 50 g Cal iyl o j0 wlle

LSl 1580 5 bawgi diged (55w
slaylpl 5l eolaiwl yeds Mas syl slinl g b yaly b dlasly 15 (608 paonad (655l B pas o o slajiol)ly (S8 o«
S (2ldgy g 2985 ((olale)S g (odilopus (Sl psas (OIS @aldl 2l polie G JalaS (g Sl s Sl (5l 4
Zomorrodian & Tahsil ) cusl )y b8 olaslo g5, o1 ) Salslie Jolge solos (gjloand jl oslizl b g g 034 ol
& Gl (gdm dw glaJse Hlisl g Gilypg wdle Caa gaie sl b oljen wiadya8 (g))58le 5 xSl (dooSt, 2015:117
slge pon il SIS & (e 3 &) 538 olye; slliil 13 55 o pll ol sl oozl bl psy T ol ozl (gl
slaoyd g ooy Xigd go (abilojl (635 p0 bl G (galim () SlaldS g 39500 98 (305 ) e (ol pleble
Lo pawd AGS o dbu) S5 (slaliad ol ) llein g My Oyl g8 U o duss bl BlLbl slaylgrs 6oy paS (sl
o2 0Bl ojle e e (31 glalad (gl 1) (b 505 55550 bl 9 ol ©ype (bl Ay S 3k Sl L
3 50 o) 2 U (59098 L 15 3w 0 (NS 3 p (Slaelil )3 1) (G55l Bpan 13 a2 o g (iloeydd ol (pl (i
4y oS (oologiy Jdo (ANSEIM, 2012:135) ditues Aushyss LB L5 yme 139 3,55 50 51,5 drl 3 o sebme sl oz g bl
Sygo & Jde Colue al oad atolS o] 5550 5l bl olgie 4 ol )3 520 0 50 0 dlal 4 (lojis o canl 20 VF )3 VY sl
Oiles O Jodo )3 (e 3 Jde (58 98 e SVl sl Slped o 3 gt aw Slabls Colue Jlae g @pepte Wi (o)



al (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

35 S5 oles S b i gy i U5 5 3290 5550 blon J gy o3l sl Sinss 1 35503 e 4 ol s o3
Lol 00 Bl Ly Soy b ol Gk 5l &35 y9 5 0 b bla oy

oliy e (sileis b Joso (5551 3901 (8152 M85 1380 31 3Lk

Sl yy9 i 5 Sl Lo 5 i (leibo g slaoylis 5 dtwg 45 ol sl ooy Hlaaw e S lazsle
9 S W bled oo pastiie | (5551 )8 a2yl (ot 090 4 g Wm0 JSB ) (5551 B pan caailge (n ke 2By 9
b5 (Shmn 355 5 Canl 40,95 0 clodg caeal I lasle (shb a] cladis an Jolbs g aos lie 4 (6550 5,Shes wpd
;| (Eghtedari et al., 2020:197) suS oS Cllae o4d 4 Wlgi o (0L s U Lo g (giloJse slajlpl a5 5y 5 0 1)
Gyano diih 93,5 odlitul lgf o «dlo jl am )] )3 Sl sl b g pledlo le jl S (o5l Baan jlodnd (cladsly
.(Maddahi &Tavanaii, 2019:109) 1] cuws 4 (655! B puas g 0D aigy b 53,8 3,905 1y (65,1

o e 33 S (glod (8L 51y 5 3590 Sl kel )l Y Joua

- €589 j9y ojled . - . . .
Ooeke slod Lo zoe 4l M8 capd | ol cops | e e | syl
) JWo 5l 59y o2 i , . | casky dep L
Iy 5o loa clos oS S S Sl 350
w43 Jol )
o AS ps
(°C) tin n, A W
(M?day) | (W/m.°K) | (kg/m?)
WAV ) Y+ /A - V¥ YA ) s
IV Glos b 6ol pad SuiST5 1S o iy poed (wlidlon e sy (g lol (lmodl sxiie
A 3590 595 3 S (glod (e Caa olo 2 yd Jlur (59 0 ko (umad —F Jgu»
polos | pwely | ST el | cwST Y | g5 | e | dusl | @l | s | 4l olo
&85 39y o )lod
JWo 39y o
v love | YA ¥4 YA W | s | e | so 1) o pasl s
Slej ojl Sy
Pl e
NFee (Gaiod gls a4l ipie
S Slaga olped 4 S 3 sly e e 95908 Siglile Sl iy led -0 Jgua
Srgad ialed SB L Sailog ol
o) gdaw g SB Gide e Jgl <l
SB gyi0 + /0 Bos )d (5998 pod el

SE (i VD Bos )3 59595 po Al




w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 v
Sl ool S L Sailog ol

SE e ¥ Bos 5> 695958 plaz <l

SB g0 FI0 Gas , (5959 ooy

S o5 F Bes 3 59098 oy e

wly S 2hb lp ool oS

00 5! e M e 3
015 Bl e )5 s au Pl Jas (3 e

o bl Jde Sl g 3

(88 B J\ﬁa QQ} S uLu);
(Reference: Research findings,2021)

21y gzl b biye (55 ol (5 lotends K2 45 00l i 53 (55l cltacd (sl 5020508 1 (S oSl 55,

byl awloes 5l a5k 1580 p 5 cnl slo ol 5l (B ama e )8 (3T sl e 3 38 jslaie 4 liEe g Glilene sl
O )l JE! gile Jue e Tl JElosd iy (g3l Joo i)l (sgjlo and o)l VL ol | (Sl
5> oYl & bgye Slwbro 5 0pomiy b bl )3 4y iy Sl ()l Glalwl () oS 5 @y pl2]
Gyno Job BB B3 L l58le 5 ol a8 el ] oaims L i plosl ojg> ol p3 a5 ola imgs (WWW.energyplus.net)
obedlo > 55l Span jloand ba)liley 635 (ool &5 (hw p (n ke dhor Sl bleion drobre |y plaidle (555
YU ) cowl o] (mBly e b dunslio ;3 (6553 B ppas Slwlxe j3 ba)ldla 5 cpl €85 g oo bl woles johad 23 4 cow] Seo
13 g0 038l Yo oA g YooV (gla Sl 3 Ll 93 4 s se dinej ] 5 oAb plol sloimg}y dles 51 (et al., 2008:1536
Ol 5 oM 3PllBle baw ¢ (tialoyw 9 (il slasl Glise dualie b dlarl) W (oS 5V (S | law 95 &S a5 sing s
oyl sl e s g 0392 2l sl SUBI ) e o Cal 558 ol domts by 3o atel YF 03l G o ol o8l
WAsS b wgi a5 gam idghs 50 J(ESkin & Turkmen, 2008:768 ) ¢l dop b (—ivloyw sla)l sly s o ¥ Syl

hymae g5l plie (EVY 290> 50 (B3 by (55, JI58le 5 48 el ) (Sl domt ol oa i plodl Ly R Jyeid

I, Skin

L', Turkman
L', Neto

', Fiorelli

O 0 9



¥ (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

i lab sl duss dlo o poyd 5 (NETO & Fiorelli,2016:2171)cus | Joub b5 e 48 s oo (6o decd |, lazile
S9elm 039050 e ol 0 LB 5l 0dgd5te S O ygmo 4 365 4 bgye sl gillae el a5 de ol (65,31 5L
el 390 s o sl ] M ola yi 3 48 lay] slod 31 olbias 4 dg5 b Blodd g plae S lyicds 45 e
lop g ol SleMbl olyen & 0nd (g3lo Jue Gloidlu ¢ )l (silodend plsl (sl ] odd Gy yas )13l 5 sl g (505 Lo
5 illle cou ow ) plaie XN ale dw bro &y bgypo 435 ey dls yo 53 Caw Todd 3y Ms5 il yl38le 0 53 jlied e
Sl glaas cayys 03,5 Jld baojld 9y )l JUl (cayp sl @38 9 b sl bt )l Jlis] Jlosl a8
Y B 3 g 38l 5 4 oad 03l leMbl bl p pdlas iyl )3 45 340 IS (gam i B Jgao b ollas laoyoxiy g anolis (glp
ol o o3l ioles gl )l e JWs) oles o g ol pos 45 0y g nolgsd cchiiar S (gl (s

3] Laxome ikl b o (lotr slod ol |y S5 3ollae § 08 (5| 3,15k | oo |y sl T (slod SET POINT: pyuass
0395t 45 398 oo LIS ylalop (gl 2,5 (Bl 423 VF 5 (iale)S jglate 40 21,5 (Bl 42> VY e (pl Vogema 95 o0 L yod
ol 05 )5S (lod 93 o bl

Gy ol el lidg) o 8P 00 A0 5yl o)l Gulul L 3)90 (ot 3 (ol gy s 12l gy s

Slwlxo g adgl Cledbl 3959 i 53 by J31 (egimae (5ld )9 jI Jmols )l g 0ud 485 )15 )3 (139 (SgSmma )
sl 05 Bl 33l

51 Sllre )3 e sl anBle b Lad ()5 g5 4 a2 g9 b g PY-V (gl 3 lilisl (bl o0 T anon labs 23
odd plodl Syl (gilwdndd 3 aS cunl SO & piY sl ol a8 S s > el 3 /Y lgn hyged leds ¢ inloyus 5 (oislo)S
sl 4B 51,5 oy 3)90 Jde (odilo s g (piale)S Sl o g 00l (Byme (ol 4505 e

Sid b Jao Olaseie -5 Jgoa

ol Ji 2l capd | ol cabis (oY sl ;S5 L) pllae Jolic
(u value) (W/m2. K) (m)
A g | T ol Bl e Al T e o2 el V28 Bk (A) 62

oo /B (ghy Bile + yia il
*paclo V(532008 + o Bl ¥ loss dule &Mo + yia Lo ¥ Sl o

/AR YD | 1D gngby ole + ye tle £ o pliel b ale e le Yo e 0 (B) us
Fosile

™ A Fopbel (b Ble + jiale Vo s g+ el ¥ (S el o

oo <10 gy Gile + ol (Detail A)

Al o[z 055l @ole B Lors p Y 3 > e le ¥ cuals 4 i oyl 93 0oy

(Reference:Research findings,2021)

2 Thermal Zone 0
2 . Shadow Calculation !



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 e

(Reference: Research finding,2021) — 51y seud (soall G 5 y15g05 53 3 4Iu5bin! (gl (glod cymrd —¥ JSWS

2 oxé g Jo 6 sl Sl oad 1y Sl oliee oM 5351 38l gl 53 29250 sl il ulal g
ol 045 00D L;Bb slas Oi u.lf F% dj)jl 3 Sluwle

O 13 (597908 AiSre S 53 e (J 1y jU8) Judod (yg0ly SlRgG (S4Bl

P N (SBygyd b Akl > g oly i Sy (e e 59y 1 Il e SV 53 s pay T Jae s ol
5 staloS sl oliee U <85 8 il 30T 350 0y (e) MelST b dad Sygo 4 (0 S50 b B (%0 o Slages
239 olad 33 SB L &S ale o)l (650 Ll b e Gl D9 it Juad 2 )3 ()l el & (s gl ol (sl
slod dulxa )3 g 00 dunlne 913 ol 545 Jlo 31 Lalbjey oplesd ol 0d o3t §loud s 5> S wlale slod Sibie 5
ol 00 03,91 ¥ Jgdn 53 w0 3l (V) dlal, > S

Al >l 00 pasde o Slalo )l up 5 sl letblo (lile)S g bilop (sl e ol G o o elal (e
Jsad )3 Jao (3 slo o ar 48 g cis 5 unl g g o by Slyets (000 )3 (e w2 ol L)l poy 5T e Jsl
23 (A foges JS2) sl b5 sl o (stsloyes 5 oalo S slo3l 13 iyl 38 sl slom L) ()l SO st 3y 5 25
saloyo sl 3l 5 S 3l JBIs gLad Lo S )b Sl ohag S IS (e gt o Bos > e (58 58 L epgd s
alo o bl (J3h (clab (o) ghaw & G 2ud)ss G aglj 00 o5 4 g b o Jpab )3 0l 0 p)F Jpab 0
S 56 SB Sl o8 Bos 2 pufiins ©yg0 & o> bulpd Sliadd b (o0 BRI 3o (piale)S L5 a0 ) 9 485 )18 gyt
sy SB L L slaoybio epgus o )3 (31905 JSK5) 398 (oo S 5o (528 YU crgo Sl 0 55 Boe () 53 Loy 395 5 o]
13 camd g 5ly8 sl il o pme y 1y Lyl (68 rbaws g o S8 oS5 5l Ly (6 S0 00 sl lune (o 45 Mg 0 0ilingy
J9ad 3 3By G dgly (EalS 4 a5 b bl )3 39290 il .Cal d2lgo p9d 9 Jol OV 4 s (cdyloju )l (2L Juo
05 s o pitas Jao ailiio o] (piale S 5l 45 amd oo )15 (e 53 |y L (53550 bl 53 0Shs 930 (slg il g 050
o Dby pie g ol OBl (B sl &) 915 (p00) Gas )3 o dw oS Al polaid] Jio 4y p)log b (V- Jloges JS5) il
Jozs Jo s 1y (605 aiisloyuo )b a8 Cawl (LY dles bl Lad jd Chiw p dudyod (sdas LIl CBl y aoeiyd s SB L
Ol slojey Ll g adgl Slebu 3 oy a4 QU pal L I, pleidle (SB L wny U5 08 by ()b Sl Lol 09 o0
Sl P a3l b lod b SB a (gt (g ptod Jlo )5 Jguad 53 e i Bos 53 §959,8 b Jio 3yl o0 Lgie
Sy Jgad 3 ol 935w (53550 bl 295 b 35 OVB cpl )3 Jho 0,5 (o0 S5 (o (slad 5 S8 SB g (rlie
i A Ble 32y b B e B plowsl 4 G 3 5l B> slab ol b dble (b g o)l (VL sl S
il puidd g ooy Yl 13 VW 5 WY glaglages JSS bl o (VY Jhged JSKE) )l L inle)S (slayl yiulial 45 oo coguw
Al e plyis 4 p S Jgad 3 &S 295 00 0xilivg SK 5l lbes b JolS g0 e i oljen ) laojlaz e 3 e
5 Lol el 50 J31 clad (cilucSis 3 bla claoylis 1 dg3g0 ailus o] LS 3 g 0 o Jos 31 (cbiad 4 O3l il deis
J31> sbad oyl by (ial3il carge o ol )3 3 lgm sl g Jae 3 50 1 Jhasle 5 0 (55550 bl 3929 (Jl 3y Jpuad



55

(VP sl OF o)led) (6 phed (S5 500l e 9 B9

e oS Cunl S5 4 2 0 VL) Jae (iole)S 5l g 0> (alST]) S Bee (slo)S I Ly (55000 Sl oo sl gy 9
2 29350 (26,0 g u’i Sk, peioed 9 Gl chj bwgs odd plul i (bl p g dlde JBaisg VU A slaloges  olod

el Jho otalo)S g (palopus b Sl a5 4 bajlages

8000 10000
& 6000 = 8000
“ I "3 6000 !
E 2000 I I I [ | E I I I I
s I m e I RN
DY 3 e 2\ a2 S 3 R AT c a2
R LS Ee R P33 0855 400
(S 5% /D Gos) oialo w9 (oiale S sl - U (om0 b (89)) (obtlopow 5 (bl S (a1l — AJSLS
8000 8000
|
o 6000 =, 6000
> 4000 | s I
= I —= 4000
£ 2000 I | I . 3 | I I |
~ 4
1IN < 2000 '
0 L1 L
L == T
I HY D7 : R ~ o AN W o A 2
ERNA $313°843114]
(S 50 Y B0s) (Muloyw g (ulo)S slajli -3 IS5 . :
(S (5550 V/0 3os) (obalo o 5 (alilo 5 (SjL5 ) + S
6000 6000
5 5000 1 5000
+3 4000 x [.J 4000
— 3000 | I i 1
= | I —= 3000 I i
3 2000 M | | | 3 2000 | I
£ 000 L1 || | | < 2000 L1 | I 1
g INNIERERNTE o Tl Ll
2SR LR A LR 2 N N T S N - G
PA33 893400 P3330 34501
(S (g5 # Gos) (rnlopw g (obslo)S (slale VY UL

(SB 0 F/0 Gos) (oialopw 5 (oialo,S glajls —1 Y UK

O30l Sy Jde (69598 cilizie SV (¢l ond ploul (clagjloans 4 dn g b Jlhw o 4 bape cladd b uond opl )

9o oM L3 zyd 4 ]y Giagh Clus ) s (lgiee ylle s (295 4 a2 L g b oo
P o aldls holopw 5 ialo)S jls ggamme il 5 «SB as 1> (65550 bl (gl oliypej sl S (58 9,8 1]l ans )
shiloyo jls Egecme «SB Bos )3 Jho (438) 98 L &S 355 o0 atede (S (Giludnnd I gpSie VY Iages S5 & a2 5 L

Cal B350 (y905]



S e e )3 0l (oS0l plgie 4 oliy (e e )3 (551 By (Db ] e g (5, v

50000
40000
30000
20000
10000

(kwh) 3

3”(5,, B g gpvd s s

o s O ity

o) 59y Aliie Jo b dulie 15 SB g yi0 5 U +/0 o] 15 cainlo pus g oninlo )5 (5551 Eg0om0 YU B puae —V F JSUS

bl S50 L allo (pialopw S5 ggeme (28 5 S Gas )3 35 e bl Gl olyome; sl S (3 5,5 1090 4w )
Sl (olopw jlo ggeome (S Boe 53 Jho (58) 98 b & 9 o0 padie ()l (Silodd I g 1O lagel JSUb 4 dags
ol 3890 (y905] 10 a3 1y g0 365 e b 4 LEalS ol SB (g0 5 Ges jd &S (IS 4 b o el 4y aid,

40000
30000
20000
10000

0

(kwh) &P

For ndF wi oo i s d

oM O %

WUl (ol lo oo Lo ggoome —VOJSUS

bcusl 5o by aldlo (oialo)S 5l ggeome (ialS S oe 3 (3550 bl (gL olymes sl o (58 95 1o 4y
Sl (oalo)S 5l Egeome «SB Bos )3 Jho (58 98 b &S 29 0 atude ()l (Slodend [l g S VP 390 S 4 a2 g8
gaw p e Jho 5l (> g duy o0 395yl (yidi & GBI pl SBGte £ Ges 3 &5 (IS 4 Wb il 43, 4B,
550 bl 1 3y (slom 32 (ol odes s 5 45 e Jae 3850 (9051 10 408 W o 5Vl sl S (6531 Bpe 55 (5

el (31> GLad le)S Cax bl and s (il d9is (ialS g bl gaw b o)l I Jols 4l

11000
10500
10000
9500 -
9000 -
8500 -
8000 -

(kwh) 53

Fo nd i sF i S
R O S

Wl iule 5 5L ggatme — V5SS

Wodlpeuiny 1)) 9 (6 505 s
2 S5 2 2 a5 g Il dg o 4 S g 00b Sy b slacdgw 39S | 513 (i @ ol 5l e
bl calo aej > (SYsb (ol alo (uils g Suid 5 p)F Ao 0l )3 LT L e o - Conl (65908 (50l 63068 (S32y400
Spas JalS diej 3 oo (5 (SeSume )5 Sk 3 ooy 4 balad (pl Ay b Wl (oo oS sl ol aed dlox I (e



A (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

lajls oy ol jl (o 55l Span (il 5 e 9 )lul (SIS plie 4 oly (o) e Cil (igalyn BaiS 2y (55
O & i) cpl 0 Glllas 3929 pas 4 a2 b &5 29 ol (L3S Sl Sy g o)ldle balpd b cuslize Syt ol Sl
Pl 555 yo bl 4isS ol o) (e 13 (llopuo 9 (oale)S (S35l Bpae (g polate (o5 (Do) b gy cul A iy
(o) o5 > S5y 98 Gl SV 3 1l b 53 oly (e (S9Se sl ()l Siloand | ol @ls o)y canl 48,5
cotlop S (IS5 (leiblo (oo g (oiule)S (STl Egemme 3 (928 po () 3 Jde (PN (7B) 98 L oS Cusl odls Lt
23 Ly 58y 58 5 0395 (3Bge (9051 )3 Uil pow b Lol il (3850 90l )3 LimgR 9o 9 gl sloans B g 3500 sl ]
Allo pgradyo (pid Cdb) syt Bos 53 (daloyw 5551 & bgiye fges 33,5 oo aillles piale)S 5l (Rl cage S
VA Gl ptalo)S (651 L L po ylge8 Jlo e 53 9 30 (Lt (gl lo) oliaoyme jof Jho & Sl ) 203 ¥F (300 40
4l Jao dlllo (polopw 9 (iale)S (6551 Egeome Culd 3 bl am3 o (Ui (e s o pitne Jo & S ] il (g0
(Y g0 JS5) Cunl g ddpo liae (pyiday Caisis 10 45 A o Uiy pdaw p yiiae Jdo 4 G |y 2o 0 TY ojlul &
oyl gz & &\ loges IS5 adllas s sslopus (sl S0 )3 oy e (slaly &8 Atts o] 51 (ST L loges 4lS
1t it ko &y Canns ot 1 pgd SVl 53 w0k glurdands Slazils e 133 o (s S o o)l ai¥los iyl s g siislo)S
YY o pd YA o3 Ve o pd V0 aiopd Wojlil & cui b & 053 il duloyw g (iulo)S 5L g5amme 50 o Jgl cdbs) oly S
oL ggo90 Cnl Ggelm e ol SB (50 F Gas 53 Jho jiil & borpo s igradpo e (VL 45 )15 (0924850 4o
a5 3890 (odlo oo )l (RIS lse 53 Lol sl 9o (tilop g (ptale)S bl sl ggamme (LIS )3 olly (e (e 4571
Span Jial8 )l ) pej gaw 39250 slajle 5 cElo I o0k e lp el o3l Glgis by e slaglesle
b Jaailty 45 ) §) atitio (sl oS 15 dngs Gy 13 g g e zskan ¢ gorbaw g 31l slalas elsl Jl e 3 5 (55l
OS2 8 g el blod & (658 0 bl gliste Slults gy il Lol dmogi o 13 1) (5550 slaplS Gl o 1)) o]
ol (e Clo (ppiman o )b lo cpl 3 (55 Brae (b )95 ¢ Sk SB gg8 eualdl diile ol )pS15 13U 5 ol (e
JUs aie; ol 3 $eBMe ) Siimgy Loy ST Slilllas )3 e 00 4 Al 0 &S S Slegudgo soladl cloac
g

1 S Ola e

A5 oS5 o dgej] oled bwgs lalST asl ol slapyd pols adlas )3 i iRgs GUST Jao! 31 9 m
25 el Al ka5 by ol asdllas slaan e s Jlo ol

WGl 0398 2le o)l 45 o W8 Lol dlde Buig s Hlads! plo :ééLLo ua,w
References

1. Akrami, F., & Nasrollahi, N. (2016). Investigating the Effect of Energy Efficiency for the Earth-
Sheltered Buildings in Different Uses (Case Study: Hot-arid Climate of Yazd). Scientific Journal of
Maremat & Me'mari-e Iran, 6(11), 41-50. [In Persian]

2. Al-Neama, B. (2011). Energy Performance of Earth Sheltered Spaces in Hot Arid Regions. MSc
Dissertation. The British University in Dubai, Faculty of Engineering & It.

3. Al-Temeemi, A., & Harris, D. J. (2004). A guideline for assessing the suitability of earth sheltered
mass-housing in hot-arid climates. Energy and Buildings, 36, 251-260. doi.org/10.1016/j.enbuild.

4. Anselm, A. J. (2008). Passive annual heat storage principles in earth sheltered housing, a
supplementary energy saving system in residential housing. Energy and Buildings, 40(7), 1214-
1221. doi.org/10.1016/j.enbuild.

5. Anselm, A. J. (2012). A Review of Energy Conservation Properties in Earth Sheltered Housing. Itec
publication. dx.doi.org/10.5772/51873.

6. Arab, M., & Farokhzaad, M. (2017). Design of Earthen Buildings Based on Sustainable Architecture
Principles to Reduce Building Energy Consumption in Hot and Dry Climates: Case study: Shahroud.
Energy Policy and Planning Research, 3(2), 147-173. [In Persian]



w8 e Lo 3 5k (290l Glgis 4 oly (o) Sume 53 (35l Bpae (L)l 0N B g (6,3 5

7. Barakpour, N., & Mosananzadeh, F. (2011). A comparative study of energy consumption
optimization policies in the field of land use planning in Iran and the United Kingdom. Motaleaat E
Shahri, 1(1), 41-60. [In Persian]

8. Barzegar, Z., & Heydari, S. (2013). Investigating the Effect of Solar Radiation on Building Bodies
on Energy Consumption of the Home Sector (A Case Study of Southwest and Southeast Orientation
in Shiraz). Journal of Fine Arts, 18(1), 45-56.

9. Benardos, ., Athanasiadis, N., & Katsoulakos F. (2014). Modern Earth Sheltered Constructions: A
Paradigm of Green Engineering. Tunnelling and Underground Space Technology, 41, 46-52.
doi.org/10.1016/j.tust.2013.11.008.

10.Carey, T. (2016). The Thermal Performance of An Earth Sheltered Shipping Container. BA
Dissertation, The University of Southern Queensland. DOI:10.18517/ijaseit.7.4.2235.

11.Eghtedari, A., Nasr, T., Movahed, K., & Barzegar Marvasti, Z. (2020). Investigating the Energy
Saving Rate of Earth sheltered Housing in Comparison with the Land-based Model (Case Study:
Shiraz). Tunneling and Underground Space Engineering, 9(2), 185-206. [In Persian]

12.Eskin, N., & Turkmen, H. (2008). Analysis of Annual Heating and Cooling Energy Requirements
for Office Buildings in Different Climates in Turkey. Journal of Energy and Building, 40(7), 763-
773. https://doi.org/10.1016/j.enbuild.2007.05.008.

13.Foggia, G. D. (2018). Energy Efficiency Measures in Buildings for Achieving Sustainable
Development Goals. Heliyon, 4(11). https://doi.org/10.1016/j.heliyon.2018.e00953

14.Ghiabakloo, Z. (2014). Passive cooling, Tehran, Jahad Daneshgahi Publications. [In Persian]
.ISNB:879-964-210-143-6.

15.Hassan, H., & Sumiyoshi, D. (2018). Earth-sheltered Buildings in Hot-Arid Climates: Design
Guidelines. Beni-Suef University Journal of Basic and Applied Sciences, 7(4), 397-406.
https://doi.org/10.1016/j.bjbas.2017.05.005.

16.Imani, F., & Heydari, S. (2018). Investigating the Energy Consumption of An Underground Building
Compared to A Similar Model On the Ground in Climates Tehran, Yazd, and Tabriz. Motaleat E
Memari E Irani, 13(7), 89-105. [In Persian]

17.Karimi, B., Peyvastehgar, Y., & Taghvai, M. (2020). Analysis and evaluation of the spatial
development trend of Shiraz metropolis on the horizon of 1410 using the Earth transformation model
and Holderin technique. Journal Research and Urban Planning, 11(40), 123-136. [In Persian]

18.Khodabakhshian, M., & Mofidi, M. (2014). Underground Spaces in Arid Climate Architecture of
Iran. Hoviat e Shahr, 8(17), 35-44. [In Persian]

19.Kumara, R., Sachdevab, S., & Kaushik, S. C. (2007). Dynamic Earth-Contact Building: A
Sustainable Low-Energy Technology. Building and Environment, 42(6), 2450-2460.
DOI:10.1016/j.buildenv.2006.05.002

20.Maddahi, M., & Tavanaii, F. (n.d.). Optimizing the thermal performance of the exterior walls of an
intermediate residential building in cold and dry climates using energy simulator software (Case
study: Mashhad city). Energy Engineering and Management, 9(3), 108-121. [In Persian]

21.Maftouni, N., & Motaghedi, K. (2020). Optimization of cooling and heating loads in a residential
building in hot and dry climate. Mohandesi E Mechanic, 5(3), 215-224. [In Persian]

22.Mirmoghtadai, M., Mousavian, M. F., & Gomarian, P. (2016). Comparative comparison of the
position of energy in the urban planning system of Germany and Iran. Baagh E Nazar, 13(43), 91-
100. [In Persian]

23.Nasr, T. (2019). The significance of future studies in sustainable development Scenarios (case study:
Shiraz city). Modiriat E Shahri, 55, 189-208. [In Persian]

24.Neto, A., & Fiorelli, F. (2008). Comparison Between detailed model simulation and artificial neural
network for forecasting building energy consumption. Journal of Energy and Building, 40(12), 2169-
2176. https://doi.org/10.1016/j.enbuild.2008.06.013

25.Parker, H. (2004). Underground Space: Good for Sustainable Development, and Vice Versa.
International Tunnelling Association (ITA) Open Session World Tunnel Congress, Singapore.

26.Parsafar, N., & Maroufi, S. (2011). Estimation of temperature of different soil depths from air
temperature using regression relations, neural network and neural-fuzzy network (Case study:
Kermanshah region). Journal of Soil and Water Knowledge, 21(3), 140-152. [In Persian]


https://doi.org/10.1016/j.enbuild.2007.05.008

v (VP sl OF o)led) (6 heud (854 40Uzt 9 AR

27.Saqgaff, A., Alkaff, S. A., & Sim, S. C. (2016). A review of underground building towards thermal
energy efficiency and sustainable development. Renewable and Sustainable Energy Reviews, 60,
692-713. DOI: 10.1016/j.rser.2015.12.085

28.Sean Kim, B., & Kim, K. (2018). Analyses on Thermal Insulation Performance of Earth-Covered
Wall for Residential Underground Space by Using a Numerical Simulation Program. Journal of
Asian Architecture and Building Engineering, 3(2), 259-266. 10.3130/jaabe.3.259

29.Staniec, M., & Nowak, H. (2011). Analysis of the earth-sheltered buildings’ heating and cooling
energy demand depending on the type of soil. Civil and Mechanical Engineering (1), 221-235.
https://doi.org/10.1016/S1644-9665(12)60185-X

30.Van Dronkelaar, C., Costola, D., Mangkuto, R., & Hensen J. (2014). Heating and cooling energy
demand in underground buildings; potential for saving compared to aboveground buildings for
various climates and buildings functions. Energy and Buildings, 71, 129-136.
10.1016/j.enbuild.2013.12.004

31.Wright, J. (2016). Earth Integration and Thermal Mass (for Global Energy Use Reduction). MSc
Thesis, The University of Arizona.

32.Yu, J., Yang, Ch., & Tian, L. (2008). Low-Energy Envelope Design of Residential Building in Hot
Summer and Cold Winter in China. Journal of Energy and Building, (40), 1536-1546.
https://doi.org/10.1016/j.enbuild.2008.02.020

33.Zomordian, Z., Tahsildoost, M. (2015). Validation of energy simulation software in buildings: with
an experimental and comparative approach. Iranian Journal of Energy, 18(4), 115-132. [In Persian]



