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Objective: The growing energy demand in the building sector, coupled with the
intensifying effects of climate change, highlights the importance of considering the factors
that influence energy consumption in buildings. Occupant behavior has been recognized as
a critical factor that can either exacerbate or mitigate building energy demand. This study
aims to examine the role of thermal behavior in shaping energy consumption patterns, with
a particular focus on achieving thermal comfort and promoting adaptation to climate
change.

Method: This study takes a quantitative approach, using a survey-based field study to
investigate thermal comfort and prioritize occupant thermal behaviors. Data were collected
using structured questionnaires targeting subjective comfort assessments and behavioral
preferences. The collected data were analyzed using correlational analysis of the variables,
complemented by descriptive analytical inference to extract meaningful patterns and
relationships.

Results: According to the ASHRAE standard, 49% of respondents preferred the neutral
temperature, while 90% reported being within the comfort range, which spanned from
slightly cool to slightly warm. The neutral temperature identified in this study was 23.9 °C,
and the acceptable thermal range for residents was determined to be between 19 °C and
28.8 °C. In terms of thermal preference, 59% of participants expressed no desire for
change, while 27% preferred a warmer indoor environment and 14% a cooler one.
Behavioral strategies such as using heating systems, wearing warmer clothing and moving
to warmer areas were identified as the primary adaptive behaviors, highlighting the
significant role of occupant behavior in influencing energy demand to achieve thermal
comfort.

Conclusions: The observed extension of the comfort range beyond standard values
indicates the substantial influence of occupant behavior on energy consumption patterns.
Accordingly, engaging residents to adjust their behaviors can enhance resilience to future
thermal conditions, improve thermal comfort and contribute to effective energy balance
management in buildings by leveraging adaptation opportunities. Therefore, integrating
behavioral considerations into building design and operational strategies is essential to
mitigate energy demand and support sustainable adaptation to climate change.
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Introduction
Climate change is inevitable, and contemporary buildings are increasingly unable to respond

adequately to these changes. Adaptation to climate change is thus regarded as one of the
primary solutions. Often overlooked in this context is the role of occupant behavior within
buildings. Therefore, reassessing and evaluating user behavior, as the main energy consumer
within buildings, appears essential. While occupant behavior in buildings is predominantly
passive, transforming users into active elements within buildings is necessary for effective
adaptation to climate change. This can offset some of the increase in future energy demand.
Consequently, this research aims to investigate the impact of occupants' thermal behavior on
building energy demand and elucidate how energy demand savings might be achieved in
future climatic conditions.

Method
This research is quantitative. A cross-sectional thermal comfort assessment was conducted

involving 164 residents from typical apartments in medium-density areas of Tehran. Data on
individuals' thermal sensations and behavioral priorities for achieving comfortable conditions
were collected through field surveys and questionnaires. Linear regression and correlation
analyses were employed to examine relationships between environmental variables, alongside
descriptive and inferential statistics, to determine behavioral priorities related to thermal
comfort.

Results
The study was conducted with 164 residents living in 76 apartment units in middle-income

districts of Tehran. Among the participants, 93 were female and 71 were male. The minimum,
maximum and mean values of the measured environmental parameters are shown below:

- Outdoor air temperature: 0°C (min), 20°C (max), mean 9.71°C

Indoor air temperature: 18.5°C (minimum), 29°C (maximum), mean 23.81°C

- Indoor relative humidity: 11.6% (minimum), 60% (maximum), mean 30.48%

- Mean radiant temperature (MRT): 14.07°C (minimum), 30.4°C (maximum), mean 23.61°C.
Thermal sensation and thermal preference

The results revealed that 59% of individuals prefer neutral thermal conditions, 27% prefer
warmer environments and 14% prefer cooler environments. Additionally, 49% of individuals
preferred neutral temperatures, with 90% of respondents within the comfort zone. The
identified neutral temperature was 23.95°C, with an acceptable range of 19.09°C to 28.80°C.
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Comparison between AMV & PMV

Given that the standard thermal comfort range in Iran is 21°C to 25°C, the findings
demonstrate deviations of 1.91°C below and 3.80°C above this range. This highlights
variations in the energy required to achieve comfort.

Behavioural patterns

The most important behavioral priorities identified were the use of heating systems, wearing
warmer clothing and moving to warmer areas. This emphasizes the critical role of reactive
behaviors in modulating energy demand.

Conclusions
This study examined the impact of thermal behavior on energy demand and thermal comfort

conditions in residential apartments in the context of future climate change. Comfort ranges
and neutral temperatures were determined, and behavioral patterns during cold seasons were
analyzed. Given the inadequacy of current building envelopes and mechanical systems, which
result in significant energy losses, it is essential to activate occupants' adaptive behaviors.
Improving building envelope conditions and mechanical systems alone, without addressing
occupant behaviors, will not adequately meet future climatic challenges. The findings
emphasize the importance of raising awareness of climate change and future energy
imbalances, encouraging occupants to be more aware of the impact of their thermal behaviors
on comfort conditions and highlighting opportunities for adaptation in future building designs
to improve occupants' adaptability and resilience to future temperature conditions.

Author Contributions

All authors contributed equally to the conceptualization of the article and writing of the
original and subsequent drafts.

Data Availability Statement
Not applicable

Acknowledgements

Not applicable

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

Housing and Rural Environment, Volume 44, Issue 191, 2025 10

Funding

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Conflict of interest

The authors declare no conflict of interest


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

https://doi.org/10.22034/44.191.19 ]

[ DOI:

Ol 288 200 S gSwmo S lod T (55 51 SLo 4o J )l > JLd 5 il

T e el gy (5 S Sl

abasaltaskari@ut.ac.ir :asblly .\l oyl as o)l s oKl cloj b yin (EASLEL (g ylomo 0uSuild <6 jlone 09,5 (i8> (cgomatily .
shheidari@ut.ac.ir :aebLl, .l ! ¢l es ooyl yos olKuisly duyj sl yin AN ¢ lane 0Kl ¢ g jlone 09,5 dliwl ¢ Jghuo odiy s ¥

oM o SNt
2 Fye Jalge 4 dag g0 ¢ ol Slyis 0atlih 55 5 plablo 15y o (55l Lol Gl L idas s g
GHIFIL (oS 3 Se el lgieds LSl )8, 8 oo bl G Sl i 1y gleislo 3 35l Lol ingy dlie

2y 58 s S & mdldl Sl b ()5l Ban b Giagly ol el pleible > (g5l Lol
ol Gialol byl & sy e 5 Lo > )l

olalel (sla s il oalitl b 48 0,8 o )8 (oS dtod )3 hg) Jai 5l ey ol HReRy (W)
O (Staser Lo 32l 1 g 03 plxl (Shee 5 ilen gy 4 (il )l ancadd 5 Sl
A o lmodls bolittl Lo Ciogs ¢ Lo o

Oiwlol 039150 )3 doyd Qe g Wl a1y Jols (glad Sl moys ¥ gyl 3kl b ang b slaaidly
YNA B AR odgione g il (oo oKl anpa YY/A igdy cpl (3 (glod )y 51,8 (p)5 (a8 U 2 p (oS
LadMe (gl ey 40 2l,8l oy B uomed Wb Jobs LSk gl Jsd BB oled o3l o Kisle as
Py dalg a8 W0l a5 Mo pd VF g 2a yie)S Wy a8 Wledls s i Mo )d VY idgd (gt £8 gub
grme Ol 55 b 4 o) g Je)S el pede g ehile)S Gl Sl edlitel (ren 93
sl Luldl b ials o LiiSly sla)lsdy coenl stind lis &S wib glold Sl o)k, ooyl
iz (Gl Gl & e sl 5

iy 5 5 L Lo lilinl 4 cuns (syen g dia > Gl Gialel edgume (653 1 g S Aol
025 Jb car )l placuosd 4 drg culple )b (5l slol SRl L Sl ) (LSl ()l
sl fgo (550 31y ol g 0di] plod Ll (65l g ponldl s b gy B gl S

V¥ 0¥ el o & U
VEE/0/VA 15,5050 ge,U
VEY/-OIVY 1y pady g ,U

VEFL VY W] g 6

:Libbj‘s.\g)s

S ol
PRSI
(9Same ool b
‘dj)Jl dLo’LiJ

(VAY) PP liwgy Lo g (Ko 0yl 505 0 (S9Sune L;Lholo.?)b:l Sl slolas p» )l s, )ﬁ.’:b LOFF) Lol < gyae wwdoll (gl o Sus Sliw!
https://doi.org/10.22034/44.191.19 yy-\a

b oS wibe €uaslll i b g )Bjle p aSB L s plazlu 13 ollS ol S8 olsis b sl 005,85 (6,55 dlls) §) 43,5, dlie o)

BY NC

ol 0 Pbul ul)ﬁj oKishy 3 P9 a..\.'uli} U)lm.hl)

L;x:.Jo GI,»»: ijk :).f;u



https://doi.org/10.22034/44.191.19
http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo Y.

dodio
A Jae slaosn YT oaul5dl g (650 sLoli p 138,80 5 ol iso b olaasbe o5 wias o ol Clidss gubs
0 T e ol Sllas (5551 oleis) b o canlngloisls & JsS50 oo (5551 Lol IS 51 a0y ¥ 51 i
Yousefi ) ans o lis |y Glatlo (e 3 agradyo ety (al 5 99800 ol 1) Sl 551 slols S5l 0o
o bt b (6550 Lold &S gomsay by b3l siday Sy e Db oo (s sy (Sl youd (b Mg, L (€T A, 2017
(IPCC, 2023) 555 ply aw b 50 VoV Jlo & s Yo+ Jlo b g 03,8 by duopd V0 &Vl Lawgio joboay

o 45 ol IS Slasls S 51 o s o L] St lasl s 5551 Mallow ISl GB35 el
Mo ol o Y Yl sy ol @ bgpe Jlaml ol g egMe 5 )b 5B Slea pleS 3 2B
&l g Lol (o g5y ol pae el &l plaojes | (S leidlo iy 8,k ;1 .(Hashempour et al., 2020)
Sl $9b5 Sl Jomsliy i i ol Usgio oo (il 1y Conmjlaimn y3 (IS (slajl5 il 5 o (5,
(Lietal., 2019) cusl Sl o8l &l b ablio cgn 15 (GHG) (lilsdS clajls Liml Lzals 5 290,00 Ll
ol 3y il 4l Gl Ky cusl (Sea pleitlo (50 3 (51 GLOE (agpadre (ly dujaS g gy oSl
ard g5y glie Bis ln |y (rawy Sy plodlo 4oy S GugSan (i b g e el (2gi B jsb
(Ahmed Ali et al., 2020) an5 oo 1, dad (slps 1y o5 12,5 b (slosis] oS g (ool il yuis yz0lS 6550 Jas]

ol doplasslo amiin b (Saisb oSy dlar ilie Joloe & 25 35 b boplaislo (555 bl
sk B ladlo 3 Sloe (e cpl 0 0l (S w0dlaiwlyyge iz flwg g leidle Slead slapiups ¢ oLdl
il o505 5 e (31 Lams Ll olazilo st 5 I ie o 3,5 o 5 ol ol i b cos
b, o313 S8l LS55 Sns by, Lole 4wyl dua Cas b ol > (Latha et al., 2022) LSLy ,kd, o clsgoo
9 oM i 3Pl SLAlE > BB LY cp Pare J (S g 48 (0 Wl pleidle (65l 3 )Sdes )3 (ot i (S Lo
lasle @5l b Laye Glelidl 4y cons )lS 15,55 @y 8 ks, (Mahdavi et al., 2021) cul i dly e
s> oSLe (Hong et al., 2015) cuol oy 5 body ooy o wld wulais ¢ olidyy HVAC piww Ju8 sk
I3 oliilsy 5 S55I5 sl s 4 ol S o o (5551 plals 3 Gl lulyd o8 walp
d9die 03> S Jolo ez 4 leible o 3 (UL lalol (rizmen )57 i 385 sobar |y o)) Jhde (g
(Alhorr et al., 2016) sy Lislol 5 Gledlo 30 glon cutS (Sgo bl ()l Gl ol Klo)le &
iyt pased ool )l (St pasd g Jaoeo slogiolly 4 5 Casl (J3h bome ot Sl 232 )l Sl
5 o g dgp et dod Jolis e syt b 85 Jlo el e ¢35 5 sy £ Jols il tale]
935 ¢339 o Jold 5,138 o 3B 55 Sall 2 & ased (slajialy b baspe Jalse plo itd i slod (ke
»S1 (Lamberti et al., 2021) auS o Las 0 1) 5,8 Liolol wlas] w6155 0 g 039) pte Jolge opl diiad Comis
ade gl (Gaetani et al., 2018) 1S’ o ) Hladlo (5l 2)Slas 3 oge Gids LSl Hldy a5 W)l> 38le5 ladcs
2 oSl 8y b Bkl (651 Lol il daptuns S 5 laglatile (iby 29w 5 eddplonl sla
2 del (Sl sy ooyl 0sMe (Ashouri et al., 2019; Zhang et al., 2018) cuwl oliwd LB b jloidls 8 pao
13 Slas o (0l loms Slis Sl sl 45 3050 (gjloodbes Ll b 355 e 48,5 013l g5l syl s b
{(Carlucci et al., 2020) 33,5 .o 04 53S0}l g oddbdumloee (55!

ool 02l olyen (gix ol b dgrge gy ashl Glul 3 (55l SO 0j ) eadplnl o plod L
PSSk 4 b 5l el oje > (Bl S g Bl g Bpas &l 39 YU (55l ilpb wesl
Olyass g585 aSl ada gl sl )08 0 Slofog Coonl Sl ladle 5w 3 (pgasar 9 (5l 0je> IS lacunliw
coeldl Sl b )l g Sl o il @ S el & 2B gyl laplale 5 cul e olldl


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

Y\ S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

ol 53 5l kb, 2 osile Jstie 48] o ol 15wl 48,5 )5 dng33 00 Lol (oSl 5l S lsisay
By (Grle ol 4 5y908 Gl > Gl ol eSS pas plgiea )8 18 L)l g S5 el Rl
b cwl lodlo )3 Jlb gpaie @ )5 fas @ 5l ol ©lyes b () 5lo Gl g 030 Jdp (leidlo ) p)l8
2 oeldl Sl b o)l B b Gimgly cal cul i 093 o G ol J osial > 5l Ll Gl I i
P pptpe oSl (Sse b asby blasle (il gLl 1 )l Gyl ) w8 )y 4 & cwl ol
kel gy |y 0a] ol Wl yss der il (65 (Lol (e
el dlas Ll 4 e g 03,5 W oles pulpw > (s30te clalis aily ol — €Cusle s Lils paldl o>
Casl odd ol po lassly g ludl lacedled I 36 GlbdS clajls Lazl gals g ale ol b ablie (gl g
by Canl o coll las puwlpw )0 (ol dmols (5 &S cunl uably o8l x5 (World Health Organization, 2016)
b oyl (slon (slod (souldl Clynis (9o (g cip Slagyliw ol g d9de fledd o (58,5 0l (o S
(IPCC, 2023) ol ISito g po0 395 03im3 5 45 1y tal581 51,8 5ls dond /0 3935 ol 350 Y1+ Jlus

@ bogrpe (2)S 20> Y7 )Ll 4y oo § A (0 Bpane |y G5l glie jlae s ¥e laplesls IPCC )5 5.l
S5 ol &S sl bz cpl 0l Ol a3 ¥ U lgr gled i)l (o ylan g o mio slryeiS > (65,
bl Gl esl 53 0aiS]y GIB 4 malitae (U Cund g dudygd (U Olelo & 39800 (it 295 pl 93 Sl
b ecnlply s e i 1) apledlo Gialopw sl 5livyse (6351 LB polie (il (silu e Clalllae o5 by
oS sl Jge GBLb lp s ren 49 W8 alss ias (Shb 3 pre Jole S 4 gliie Glo)S SRl 4
APCC )55 b 1 cysoman (Ali et al., 2013) a8’ gjlodnds 0siy] Lsoeldl Ly 15 1y 555 (el lazslo 5 Slos
L oSl Sty 20 3,09 i Sl oS & Gl > IS 3,50y 53 ool (615 5 ol St 2l
s b ablio elyy dnoly 53 p3Y Sl plas Gum by odlil ()55l 3,50, o Gl oS Ll LialS Gun
5 ooldl Olyass b agalee Jlainl jgals IS 3,59, 95 ddsgil lord b san] > o Jlesl slasely 5 oul]
L LS oS jLassl (ials aom)> s 48)S (g olojen jobd Hb e Jb 3 lase b )55l (2Uly (ol
(Renetal., 2011) cuol kKl b ylaid b (5551 3 Slos S5m0

s 5 bawgie (05 e C)god A Glajls Ll Glie olol 1) (o8l 92 )l 4w IPCC 31 (3135
w5 sl HUES) gyl sl b cppiag 3 Sl plale)S (I wlal cul g S (oo S [ VY- o UL
SSP5 - ) 35 sl Uil (csyles (slys 5 dyd YV (SSP2 - 4.5) Luwsgzo )Ll (550 (lys dr 3 V/¥ (SSPL - 1.9)
) s g b1y ol L2STy 35 ol LIS bty (IPCC, 2023) ams oo ol 1y 3,5 iles as, F/F (8.5
Jols 5 ons £55 ¥o0D Jlo 5 by amdee Lidgr |y el celacS o 5l o5l out] odil i 45 1S o
& Cand Yoo Jlo b a5 (SSP5-8.5 5 SSP3-7.0) 5L sl (3 suSled o (gilS clajl5 Lzl |y (slagy o
g okilo Bl o8 Ll b Ll Ll 1,5 (SSP2-4.5) Lawgte Ll b olags s 96500 oy 93 Ll b pdaus
Vode Jlo b Lol i Lisl 4 a5 (SSP1-2.6 5 SSP1-1.9) o8 sl Lt b ooyl ¢ aly oo LtolS 513l
() Jgie) w3 0o (Lt ()8 AaSlisd it il ()}l g g 000,

(IPCC, 2023) ,Liss! 592 bmw ey g Wl Yo Sloj g0 y93 (51 o Sl (slod g 43 Ol pundi ) Jou

T2 IR Z RS YER (F+£)-T o) Sangyleo (Fo¥ VYo £r) Gaesliss
sl 8393000 3591 e sl 83900 3591 e slom 839900 3591 e g2k
(C°) Joimo (c°) (C°) Joiomo (c°) (C°)Joie (c°)
VA BY \/¥ YUY \Is VY BY Vo SSP1-1.9
YIE G AY VA YIY GAY Y VA GAIY Vo SSP1-2.6



http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo

Yy

(Fo-Y Y+ +) aenil (FrE1-Y+7r) Gaegslee (Fo¥V_Y+£+) Gancliss
sl 235050 25915 0ot 5% sl 83900 25915 002 554 sl 239800 3381 Ot PR 92l
(C%) Joiomo (c°) (C°) Joiomo (c°) (C%) Joiono (c°)
¥/0 6 Y/ YIv YD b \/5 Y VA GAY \/o SSP2-4.5
¥/5 G YIA \iid Y/5 GV \7A) VA GA/Y Vo SSP3-7.0
NAAAYAY ¥/¥ Y Uy/A v/¥ VA G \Vig SSP5 - 8.5
ol 9 55, Lol

Sk sl il lisl ) JBasses e jl g g5 Jeol BuS s jl (S ledlo i aiS 45 6565 len
A ¥t Jl p boladls 5 bl (GHG) slabds slajls Sl jlisl .l sads o Lol (isw &G & &S cul
Solasls ppmen cul Jlo o 3 She S b5 Lasl jl aoyd YV Jobe () Jobe 58S WY L
oS aeaSled Sl HLaml A=V 090 (b S (0 Bpas |y leble Catio (551 6 jlaoyd Ve (GoSune
(Cabeza et al., 2022) cool 4Bl yioli8l 0o > VY 5y sLold 5 2o )d YA (55 ol Lol wuo B b leid s
2 byl anlssl sl s)l55 wlel b (Kaewunruen et al., 2019) S o G pao |y Sl (655 powcSy ladle iz
S g iyl lold S e Gpae ) Sl <5y Aoy Feobapladle FoNd s pd sdoecsYL] g Yoo Jlo
ol i b 9 55081 g olidsy oS ol i oy 5 ol S Jols plazsls

povin 5 Mhio il baglesle il IS Lol JEul  Allgpal S b & olhe )
SOl (Bly 9 odddnitn polie ) (2P BB ol Caably )3 Lol 3580 gikae yao 5551 SO L slaplasle
68, ladis o5 Wlad S aos g adhy GBS pl Slold & ool Sldllas guls e o 003 b leidls (55,
2905 st S 05l ladinej plgiedr ()8 b S )lie g )18y youss iy 3 515 At nl 3 (oot 1B
oloiilo dtwg (I3 lae balyd (oall ol (5l sloli o iS5 ,5h polie ol oas ololis oan] 65yl
Sipl ol Lials ane; jo 8,k ;I (Ahmed et al., 2023) cuol LSk jld) 5 oleidle Slieas (6 )leSS 5 Slles
pbol yiuo Loy (555 Ban & ey (sl ol (slapiuns 5 Sy (slotings sly LOIN Gl daglazslu 5
s SB35 Lamo cpizman g ol (5551 SLolis b 53 Sl 8y (gp9mme (25 Jlopll ol 00
Jriio BasScdlyy locds bpo g o 1) ledle (LSl 28ls,> (Masoso & Grobler, 2010; Yan et al., 2017)
(Langevin et al., 2016) u,ls Lol Laea U bl byl pd 4 (s sl o] aSL e 8 jlas j3 sl lawsce

(oSl cglate HLd, 1 S a8 0)> dgzg (0b BMB) 6ad s i 9 (Blg (55l slold y cldlas ulul p
b leidle pylhadw &8 Canl o (opl g ogMe Cunl odlatulyyge plas ¢ bajleidle Gliesd 5 (8 (slapiumw
Tps] da 310l 8T8 (5,0 5l b s oo (sibopslio b (oilusl daploitle I oS doyd 45 5 Mt o]yl 35350
35 dei 03> 3350 slalaidlo 4y WL Coglgl Lol g o il (B puannS Clinad o bacsyglid jl ookl b b jlais b
LS o I (6 yiii ool diso) cpl 33 )8 ,bB, 5B 4 dn g cplplo (TaN, 2020) us 55 peie byl dgu0
S5 Lo g 1,15 L8,
Lol Cajlame (uiljl) EEA (25 (3155 Hlsie €Scasl p3Y (i d0? olid) i Gyl (6551 g0t 42 oo
Sl > (254 p0 lp (AP BB Sl WS oo oy 1) )8 i 5 Sludl Jole o5 Sllas 4 0o Gl (VoY
Mo Jolis ouislal (55591 (690,00 sWas 3wl 5 (oob; slass <2dlg,> .(Clarity Sustainability, 2015) x> 3,
Syl 35 35 505 ol (5551 Lol )8, olais 5 o)yl (RIST (33l 5 ol o 4y el Ll el (S335)5iS5
lamecn; B (inls a5 leadle @5l Lol (ials gy 2oLl s 5 dianS phdl sy 1, i
sasails b b byl ol g 53, 4555 aSiyl 5l cdel laidle (USle coul o a3lid Sllee sbanjn o basye
oA Bum @ olitod 13 Sl i it ol8T 0,138 o 53T 298 Jarme Gl g (5l LS 2 (Cute b ko)


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

Yy S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

b Slesle laylSaly o bessl il 1) cosl ppe s ploblo 5,8hos Sialsdl ey JUd) i Cuanl 5 yio
lpiig sbadsoly b oS ls ailiiadsn o Jlb Jols pilime o5 Sg 0 dbml YU 5,8kes b olaplazilo (gl ]
S iS5 (55 Lol Lials sl g8 ggbge 4 LS Lo e ) (s3] ST 8, 4 olied 5 g ol
Jidly oSl 58y g b amde Lt ploa gl )3 5] i (BT iy @l sl sl Jas
.(Pothitou et al., 2014) cuul 4l i158] (1o VUV o bwgio jobas) (55! 13 o9nddpo

Syare SdegYsh 3 )8y s Baa b (LSl o) 5 cedlu) S e (isu Sl oy lp it Oliios
€95 Cniar b oy bolyen (il (sladslyy iad e (lis alaxd 3 ) (HBly (Gl Ll & Jaee glaSitoles
5,5 0Ll el 0 dloul Coldy 5 (0)5 pw 03938l i)l b L8, s Bua b aS genelS slagil i b e Slas
canlin pudais 9 )l Wlgh o \Sus (slagyolid I oolatwl 5 5y5 5L 3 )bjl LSl 2aly Sy> (Orland et al., 2014)
XS e 1y plesle (Slse LinleyS b ioboy 4 jls e 5 003 ol Lol lalus b sillas el 1y 35 Lases
5 ol gy 5 odzmy Jolboi S (53] Lol g ) el (WS )3 (o b)) &Sl wa gl (XU et al, 2023)
S gjloaie > (sore 8 (BMS) gl cupte slaptuns oyl fowl a2)lS 5 @ole (63,09, Miejls
St polia S g Oyllas Sl g Col gz 55) Lol p Wptass cpl 16 25, glessle > (65
1 slland claodls (6 pslman b pias () S o ol 1y Sy i 5 sliss, HVAC wile plazsle cilise
i S o a] s sty 1y Mol Slaladl 5 03,8 ololis 1) W gae ST «lazsloo byl 5 (65, sLolis 590
S ygo & S mebatl Laslil Lylyd b Gy clodsliyy ol s 1y HVAC gl blss Wil e olaziles o e
d«olﬁﬁ OJIS Salen L |) HVAC J)ﬁl‘u— ,\3|9Suo Oed A8 Ay Ohﬂw u,.ulw—l D) pRy 9 ]) ng)ﬂ slols
Sangalli ) &S aie b 9 o) b bl g oA S ages wile alacsiliwl lal gl by &5 waali «lines
Lulys ey 9 00,8 Joo 2l)l8 jobas inlopw 5 (aiulo)S (gt 15 o pponds Slolidl o] (et al., 2020
3o 5 88 s |y it J S g By 0958 1 (itse iy oo a2l S oo 03502 1 liSTls ]
oSl ygan pas b e «Bpal gl ySus diloy JBlis 4]y 89 o ool &5 olalad (5)508 008 (5551 LW
b )8 Spledle 3 oot (55l SLAE )3 (k29 B (292 4 oxie 9 2580 Bpae b g ) Laid
(Arowoiya et al., 2024)
)8 8 2595 )3 ST il
55 e 53 (sl Il Pl o 53 5 468,515 e ginygn eine Sl (53l 2hass bags o i plS
o Gkl lele (5551 Sl Lo J) S8T )y Casl bapledle 3 (g5l GLolE  LSLs i,
ol 0xb ploul (gjlwdnd gols p  give (sladyglp e ¢ Sliwe Slalllas ;> bt

P Ogld 4 e Canl See wlide o8l byl g lodes b slaals oy ALl s, & Slealy i ladllas
il (ol jsba (Chen & Taylor, 2013; Kampelis et al., 2017) 595 doyd Yoo 5l i U (555 slolas
Il 56 izmen (SaNtiN, 2013) 25k o3l (sla 55l 9 2,55 03l izzan g (Sl (S5 sl Sy
o gjlwdnd 9 (Hly 6551 GO o (63, alold ialS sl letlo (5l iloand p GUSLe L8, la s
el 48)5 5118 (o) 23 )90

3P SLolE )l L8y Jae G 53 (39)9 slajiell Cuhad pas 45Se &5 W3S gy SRS 095 (i
ol bl ) bplasle o (6l Lol > ol weidpbyl Clllas cbabdl olol 5 535 o 4ol olasle


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo Yf

oSl Hldy 38> ioles 4y B cob sl Jae a5 0 o0y )l piomed g oo 03 Cod LSl L8, & Baas OlsS
Wilgi oo eizmen by (sl Jse aimd (Ui pia |y (Sl 33 pasmie sla Shy Wlg5 o0 by (slaJte Jlio )3 cdituss
g b sl 3 Sees p GII,SE lesle 5l 3Sles Sl [, B 538 wyp sy
g oLl (el (sl )5S silwding 5 3510 (rddpe el (o) «silopglie

S5 250 > Sliios Llodls J15 ypai5e 1y 55 oot 2 Sl ool B Clados ) (6)%0s 098
Hdy oS ol olis gl ol ond bl SHlild 5 yeKiw dile Cilises (slayeiS )5 (5l ol p LSl ks, b
Mahdavi et al., ) 5,5 loislo 55 Lol p g B w5l el an g b palais o yoxy 53,8 5k wwle (LS
250 aplaslo (o550 Lol o LSl b, sms o olid (dasie slaimgl gubs (2021; Zhan & Chong, 2020
Cuol iy Slodd diy bpiwaw 5 Gleadle dws o 0 & Lus glalidle o 80 pl & WS o)Ll g o)l
Jlioglgicar) 3,135 o il (65 loli p calise slooged 4 LSl Hkd, a5 ,bTj) (Carpino et al., 2020)
SIS oAd it 5 (8ly Bpae o Saiine bl (Lodyy 5 oy b Joloi b Glaleys 5 Gale)S slapiions G2l
03,5 bosigas o el (5531 3, Kbes 3 1y S by (25 (V4 IA) olSen 5 'S5 ccnl 2 0gdle 3l 3925 (o35
Iy doyd Ve=Y0 odgdone 2 (SoSuwe sbajleidlo g5yl slole 3 penddio Jusly LSle ;b o5 W8 5 dons
23,95 5L g anogs 5l edlazul b HlSbe Jld, oMol b a5 sel cawd 4 olie gl (6,500 adlas ;5 .08 o See
38as jd Sl i (glodyinS clddlles (Ashouri et al., 2019) sy i 1y ao o Ve b (500 (Lol o oeddyo
bz sl @ oldl e 5l U (51 GLolis 5 (LSl )8y Gl byl Sile g 0al J8 () 0y50 |y el (555
b 3 Gl sl y P e g pased slajielly o odzme Jols S calply el 298 sl B
ATOWO0IYa ) ol (gygp J5luy o JBlis @ 1y (6550 (Lol g a8 o bas 1) LSl Liolul blps a5 o lesdle
(etal., 2024

Gt 25 By i 56 & g e sl )8 58, 05 1 iy slaimgR | slekS Y S 53 &S pobolen
bylys as gl 5 4zl blessle g5yl Gloli ol 5 LSl ,k8, argi b sl 51 lis L8 cldlas asgosms .3,
Ll 5 Gl Sl ) b 4 adllas cpl cnlpl g aalsS SIS Sl (551 (SLoE (138 5 o] el
iy conldl Sy b ()65l pslateds Salul bul b 4 (s Caa (555

28 )88, 0595 Oligdod dipdy Y Jgua

sl oS g OB S g
3 555 liee g 039 505w b Lasipe (6531 Gl 3 Jole o e LS U8, b Ghe cllllas (Duan et al., 2023)
ool Siglite Calises HUSLe (sly oy AR B VA/Y Aol yiws !
9 gl (515 ko s S ad (5 (2ldy) b ki pe 5 B (LSl JlB) Mol L b (Gl Slelllas (Loengbudnark et al.,
bl ialS 1oy WA 2905 odes (b 2o Aol yiws 2023)
NUS ULM.: |) Loy VY U doyd INAS )'\ L;j)ﬂ sl 5 &9?45).@ OKAI Okﬂw )h'.é) L;)L»w (Fekri et al., 2022)
S35 Lo 5 Gloel o> ¥ Loy e glsicar (S by 085 s 5L b Gl lalllas (Carpino et al., 2020)
A odalie ‘_;éb dlfad);ajwl L a.\‘ﬁLg)'LoA,#Z d.obwf v
LSl ela Jdo 43 cudy 4 Mo YY g 08 F- By g5l Slgs o LSl L L ole oldllas
oSl sl e < 4222 Y ) 3 oge e i GBS I3, b b (Jami et al., 2021)
Sy gy ByasnS g (Jgere «dpuanyy Silwdnnd 5 4ol yiwo y
Jod WU s laloidlo o 5y OBpas (LSl calises (gla)lidy 28,5 a5 o ) dl’\“" Oldlles (Muroni etal 2019)
A5 oy 8 Slodans '
I 53 QS b, gie sla e 51 oolisial plSin 53 o g jldend 5 Byne (uSiks
Jeolgh > LSl (L8 ot sla Jao jl ooliial plKin )5 oddigjludnd 5y Byae (1S &t (Oufetal., 2020)
oo odlaiol Lylo; plos jd ol dely S 5l aS dg Sl 5l yieS o )d VY wgliaie Jloj

1. Zhang


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

https://doi.org/10.22034/44.191.19 ]

[ DOI:

Yo S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

sl

@5 g

O@M,ﬁ

ol JS e b 55 GLolS (g 0 OS5, 5,5
i Doudy (S9Swme ddlaie IS gl do)d VU g yleidle

b Slse oo
ilwdnnd 9 ol

(Yuetal., 2019)

Sl BLolss g il 3l i odd gilwand (65l (Lol p AW 1oy VE
b sdnlie LS Hldy 8,5 (el 15 g B pad o6 S0l

e Gladllas

(Rouleau et al., 2018)

& Ay oy YV B dio 3 WY 03gaome 50 (6553 )0 (09288 po Jumsly gl LS s,
sl (il gdaw g (b go2)le

9 e Olalllas
Sl

(Santangelo et al.,
2018)

2 Uil o3 ¥ U Wles o 4005 ppitamun lgl!ao-l Jolss g Sl ks ol lis ol

(Baldi et al., 2018)

A8 wald 1) ol Gl 3900 00 A iz 5 55l L St
4 g 9w g0 ol WSk Bl (¢35l Lo [aseid (gl 1) 4ol iy bl gl ol (Ortiz & Bluyssen,
S o S Sl Sglisie (5] Lol clagS gy 5y o 2018)
203 WIF 8155 oo leidlor (6 S paonas (slo e (48,5 s 1o b lesilo U
5 P9Swue sbaledlo (gl lo)d ANAY 5 )bl s lanle gl (6550 0 pgddpe S ilwdnd (Ahn & Cho, 2017)

LS ol 1) SeSune sl do 2V /Y g )bl (lp 2o 3 VIO Gl Gialel D90 misen

o8l 3blie 3 logas (ilopu 5 (ialo)S (slajl 3 40> A b Wl oo LSLo L,
crl sl ooy elgil i 5l 36 Sl (6551 Lolds log il e Sl e LSS S lodendd

(Yousefi et al., 2017)

Ly 551 LS dinge ysbots Wl oo (ST JU8) 2 e (S8 (slasdg) (85 5l )
Iy ole ¥/0 Gt &y (5551 Bpuae (shoyd YV LialS gl g w8 J S |y p)8 Ol eli b
b ol

S clllas (Kazmi et al., 2016)

R 3 (wlbwiig g

@ bodly lis usTy J @ oSl g aad o )8 265 ),;‘sls‘ cod |y bgledle Job 5 ) oled byl yd (el @lyoss
57 Lo lje s positins gy odel Sty Lyl b Bkl e (iiSTy g STy (lo)lidy iy bl Lyl
3 058 8 30155 ol s 3005 & e (5351 LB GBI oy 3,35 o o sl

= ]
. > )8, :
- » ]
23l pandS ’ i s wadt)
'y : M”)ﬁ;)w‘

1 1% RER s, < R =

! e m"—a P:—b @l ol

Ol

1 A
S——— i g ST
$i gl <_: cliies ol et s '
i

DR osrde Do,k ) JSw

Lol 3 o] b g ouldl Sl gl Gl Lulpd & e 2 o1 385 9 )8 ol H8) elgl olulis
Voo ColiS e gl g ablite ogy 4 Gyl bl iom ybjl Gimgd plosl 33,8 e (wyp (imgn ) 5 (S5
able ;o Jglate L;Lmdw)bj oSl 5, VEF wged o (Heidari., 2000) )l u,.uL»l Sldlas (gly dob i
k) sCaglgl s rizman g (Bly Lulpd 3 2L Sl elus] ()5 askiie (gl D (e a0 b auwgie
bl Bosls g cua opimen b Gyglaer (Shue 5 (clalen B9y 4 Lodly alol klpd 4 ) Cue
bliswl § (Mo Cavogi Gaybjl g anby laote sbaysio o baily)y wyp 4 (Stsed g g s e )3
5032 (52,8 Cumle blod 4 Lol wl cnlply 08 (asetie ()l alul & ey Ca L3 ()8, lacyglyl
DpS (o )18 (505 wd > (b slaijl
Pl Ol

2 S5 LolE e 5 5 50 e ol @sa g bed LRl 5 ead el ilisee (glagyjlie ou] o8l Ol (ol


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo Yy

(9w Sl )bl ooy 4 pogad () 3 o] BB 5 el Cuoal argily I tewl sl 350 Jlo o Jguad
sy b s a0 e (oS doly V51 aoli oy VO I8 ol (ol (Y JSS) ad aslyy olyed o ol
ol agiam o 650 5 b ALY Bias 5 Ol j1eb Lawsio Bolis J1 5 (Solas y5bay
45
40 —‘\\
35 i ~
30 S
25 s,

’-
P LA s
20 af— -
15 \\

.
-

. -
10 B~ = 0 -

1403 48l sled e = = = SSP5-8.51428400k (sled (Eilia e e eee §SP2-4.5 14284 slad (Kl

SSP2-4.5 5 SSP5-8.5 slags b i VEYA Jho 9 VE+Y Jho ;3 ()l ,o5 joeed aildle (glod (puSilyo dunlio Jl3905 .Y JSU5
Y it Dye (05 VY g (5,8 AV ol ol 514 FY/A i 3k b Jlo VE-AY adllasdjgo Cunes duo alel
03l 13 9 039 Gyl bl el (sl UL (58 sacaglyl iomed g (Sl g2y g (elus] b b e asbiny,
(0939 8 i ey Jlo ogas SleMbl Jold dol yiuw y o oSS VA B Ve celio IV il 9 potg Sloj
o e el M 5 i b 5 by &5 s sla Lo ol el g5 (i 039 L
=Y) nlieSe (plide Sl Gyl s abi) Glr g (p)5 (A T B 2 (L) (o)l wlSin ulida I (Sl el
Ol bl dw > &S cunl ()l oo glyl cpus slp SV Jold dol yiww p ymized b edlaiwl (p,5 +V U5y
olizal 5 (5 5 3 o Jols (651 (6558) (ol (slorotons 5l o3lital oISl (yg0y le S Slartas 5l o2ii

Wb (p g (05 W) (aale S ot 12l

Ve b VY. gl s olSies b oslizel WBGT-2010SD Jue SV 5l lasee ledbl (syslans (sly
leMbl b oo Jite 503 38 4 (63,8 5l 9 €85 )18 g o I e o Bl alold 3 g (e aw I (6 el
Gkl (b slod (1Sle sl gy lgp slod 9 5955 lod (JBI> (i Cugby (3D Sl slod Jold ordes
Sl Cand s il odlinl b olyylS by 9 culled 45 b aulxe CBE Thermal Comfort Tool M1 colwesyg
W3,5 duwlxe OO 3 )l

o9 R sbasl
5 AY ol pl 5l plsl wisg Sl s b lwgie 3ble )3 5 pla)bl aals V& 15 a8 8 V¥ (g9 0 i}
VY (Jlo Fe BYY o dopd VWAV (Lo Yo BYY 0oy VEIFE ¢ Jlo Yo 5l oS duop £/Y & disiead 30 4 VY 5 1
b 039 asls el a8 adly e Jl £V 5 i o> MOY 5 Jlu Fe B OY do > YY/OF (Jlu 0+ B FY o 1oy
Syl ol blod 4 piomen s Gl o pd Vo /YY 5 59a8la] o pd YAFY ccawslite doyd FANY (£ usyd ¥/40
Sday g 58 gy oD Y/IEF g 0o yd YWY 4a5 ks cdio)d YV/FF (05 dus o )d YOIFY 1a5 9 o yd £/) ya5 S5 wodlgils
YoIVY (Jlo g b dw 2o 0 VOV (Jlo dw U K 0o )0 WIEY (Jlo SO o 0 £/ asly 10 oS lojcote 0dg
Aiad pliae 3o)d Yo/FR 5 Sllo soys £A/0Y oS wizsly CogSow Jlo 03 3l L duoyd F/AD 5 Jlo 03 b zxiy oy
VIAY 5 Gl 559 doyd VYWY ¢ uilud oy YA/Y (olod 398 2oy ¥/o0 (plod U dopd YE/AY cMuass sl


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

Yv S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

Qi3 jb 1o yd ¥IA 5 Juasto do )3 VF/+ Y (bails suo)d YIYY (Jels o yd OA/YE dlass oyl 5l a8 aiidly (657> duopd

‘5|9.:z> Lo Cugb J3D d‘?" sbod (9w ‘5131» slod Jolis s (5 S0l U9 L').).‘ DS e sadlhe s

(Y Jgis) conl (adlg 6l)] pSlio g ()l ey o Lo )b duoyd cord i )] (pSSlie ¢ pidigr &5 o oiuli (lod ¢ 31
o (5 puiio 5 ko] Ao Y Joua

ey | oS | wep | glhloSbe | £S5 | b | owd Cugby | gl gl | (sler sled
Sl | ABlglyl | (o, | s swibn | piwig | (G | JB1 glgr Jals 09
Y —/eY \O/AY — /¥ «IY¥ YY/5 Y. /¥ YY/A /vy U,K;L.a
\ ¥ £0 V/-4 \/o vo/f 5 4 Y. Ao
-\ -y A -\/YY A V'Y /5 VA/D . oS
Sl ey 9 Sl pvls

(Y JS8) el 33l o yd Ae gl ol ogamme (pl a8 ool Vg =) o (ol 5 )laikil (slie o 313l S)ls s
Al w3 Sl elesl 0oyd ¥R 0l ol a8 ss ool edgdste (> Limgs ol 53 03,58 5 5,8l Aoy A
Py s bled 0oy V¥ 5 0 e )5 sy o )d VY sl )l bl il jus 4 (bl (LSl 0o)d 0% (puisren

(F JSC3) ol 35,80 5,00 Lol e, a8 wlazils baylys s

« \:)> D 3 J,‘I,‘> \)“"”’)‘
100 60 49
59 2
40

}, 5 — I 27 3 19 I 2%

5 . 20 & I
0 2 0

Y 0 . Y 0 @ l =2

1 0 1 3|2|1/0|1|2]|3
LGS ke 14 59 27 mS)paodbal 0 6 19 49 24 2 O

Sl olea] Slgl,3 oges ¥ JSS
Bl Sty 9 (528l 1] (3uilo s Lo
aoly s il &S cunl 3LF ile a3 VAYAA o lShe adly (ol olul 5 Siolel (slod aiels & JS0s aas gl

ol TP gl e £ US

ol 35 e deyd VYA 18 (clod puiman .Cuwl 0d9de |y dnyd = Y g YA (45,0 YO U YY) iolel (s
YEIO 5 glod g Cal 3,8 5l dam )3 YUY=YE/Y o osd cw i sl)] Lol Giolol (slod atels & S b gllas
ol 3390 bylys b o opl ldail pas g ol jboline coglay snimd ylis a5 wis Juols as o

y=0.1321x - 3.5428 y =0.2059x - 4.9317

O has (yha ')i ela g o (5led 9y ')i Ol Igh slad

R? = 0.3407 R?=0.3939
3

2
& 1 2 i
‘},‘ 1 % 1 ¢ o cmmmem.-
']: 0 -~ 0 oo oo“-
3 i "-{: 1 508 wmoewm @ o
12 2 ° oo
T a 3

15 20 25 30 15 20 25 30

(€°)Ja1s slep sle>

(e°)Ja1s slen slos

#Bly 1)1 (ko 9 19 (glod oy abasly 0 JSWS
S8 slagNl

o g iy 1] (3050 9 192 (glod (o bl T JSWS


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

https://doi.org/10.22034/44.191.19 ]

[ DOI:

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo YA

S 55 Jp)S gl (58 paw Cagdgl e S Wl dss pgd Coglgl (dole)S bl Sl edlatul Jol coglgl icus i 4 o8
39y (23 Sacaglyl il S g (58,5 Ghgd )5 Sl
3y Juad )3 oy ol l b apalge 53 (5,18, lacuglyl £ Jgua

P9 Sl ed f’bu ‘_51?43 - Coliul | S5 ot 029t um* Cegly!
A B 11 byl ps 4 P A . . ol | gblados | Gy
il oialo S buo &l OF | S L S eF (se2)
VIVE /Y /A v/oy AIYY . /-0 YAIVY WYY | ) eyl
Yo/sa \O/YA Y-/¥0 Yo AYY FV/YY ya/va WIYY Y C»ﬂ,bl
Yo/vy AV Y¥/5Y £/ \Yaias YY/YY YA YV/YA ARVins Y ool
Yo/vy /Y YY/-A AR Yo \EISY VY'Y VF/AQ Ye/¥a ¥ Cag'gjsl
VV/FY o/0 YY/-A AR vo FA/5V . b/¥y AIVE | B cugll
Yoo Voo Yoo Yoo Yoo Yoo Yoo Yoo Yoo o>

L;LmW )'I o3l OKA] Junli;.m D yaw Jaas » ‘.o).w u»L»l L A.Q(}lsﬁ )9 Lg)h'.é) Lghzgill Oy ua?w LS‘)% ol
b Gk 9 ol bl @ eyl )8y lacaglyl s Jols B Joie b Gillee @l el sy otle)S
3> e pod Caglyl p)S el by Sl Caglel i 4 5 5 G alaB g (551 (g3l ke gl el g bl
Scugyl juin S5 g b lulyd 4 (3)5 @ole )5 bl BB 3 Sp S gla (53) pgw Caglgl oy slalad

D9y (£
ialo S Jalwg il o3l K6l (39 3 g0 Juad )3 Lojaw (ol b g )3 (5)U8, (SCuglgl .0 Jgoa

wodSosle | sba B, | Colpwl | S O @) (39 L O3 oyl
bo byl | &b 3 5p)8 | 005 | e | SeS el | pwgblad | 0 baig | (sep)
s1¥ VIAY ¥ . Vel YEI¥Y \o/f0 Y ol
WA Yy/a¥ Y¥ YY/YY Y/ YV/\Y \\7at Y gyl
YY/0A YAIEY \Yd YYIYY JAR ATVREY ¥Y/IYA Y ool
Ya/-v YY/R¥ vf Ya/ay J5Y v/o0 W/ ¥ Coglyl
ya/.¥ YIsv ¥y ya/sy . YV VY B Cysls)

Voo Yoo Yoo Yoo Yoo Yoo Yoo o>

Dilosg jl dugy (o odlitwl 4 pladl iolol baylyd 4 dueny g oy (wles! b abilie ¢l (LSl s Jols & Jgan b Gilleo
A yd 13,5 dyw Juad by wles! iel dgmg a4 el Coles 50 g Wb olpen (g5l B b a5 Widged ivle)S
Jlog 5 edlatwl galS Jgl cogdgl tewy 4 s Jad 3 odel i sl elesl b agslae ol (o), (slagSl
QS wole )3 Cbal A 5SS g (8 pow Cudlel o By el edlaiwl yialS pad cuglel ¢ iule)S
g o Slaagyl el Jaals 5 Lyl

il S ilusg 31 U5 03Ukl 5500 13 300 ot 3 Loy (pobun! b dgrlso )3 (6,8, (slorslyl 1 Jgaa

u&ﬁ.ls Mls Lo | ok = . ] O
3l ookl |51 ealaw! O:%; oS sk Sl ! ol o555 B R Cuglel

Jilwg Jilwg ovgd le,.w PSS o5 YW PY ot 8 5y &:; (wey9)
Sp | obles 7| w '

\WY/AY Vo VY . Yiav . @ vV/o¥ ARVAR \A/RY Y ool
INYAVS VEIVE v A YA QY YVIvY . Y¥/EY YVIvY \Y/-Y Y gyl
WYIVY oy ¥¥ Yo Q. YVIYY YY/ A Y&/AY YYIvY Y-y AP
ARYANS YI¥Y A YV/a YF/vA . YY/ A o/YA Y- IVA Y-8 ¥ Coglol
o5 . \F WY/ Yiov Fo/¥o AEZATY V/o¥ vIva WYIVE O Cuglyl
Yoo Voo Yoo Yoo Yoo Yoo Yoo Yoo Voo Voo



http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

Y4 S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

S 5 A
S5 gl bl bl 4 ey 9 551 Lol 5 S laplei)bl lSle )l )18, b Liagh o)
b Al 3 Juad 3 (o)) (SlagSll sy 4 1S glod g Galul 3game e eud 9 CES (g 1y ediy] (el
il g et > R0 e Jghte slagleiybl plSLo ()l 5l 5 ol byl s Goobosl Slage Slalllas ploxl
Dlodld zus 3 o > YV by s Syl e 5 01,8l aopd 0 wad o LS cwyp ol ol il e )S ploul VY LY
g MBd oo gy |y 5 (glod 01,8l Mo s ¥R piomen Dgus 50y dnlg ST Wi o T Mo )d VY 5 09 yip S daly &S
43,0 YMA 5 VA o3game g cowl L5 b dspd YW/ imgh ol (5 slod )y 41,3 islul o3gasme ;3 do)> A
YO B YY glpl 5o onbil Gilel clod edgame 4l adsgil s Jobs Sl lp JeB B ol oL 5,5 ke
A ey Caa (G5l ol e 0 Golds i lis wdgize I SYL dsyd +Y/A 5 Sl da gy =Yt sy
Wil g 039 3,5 Bl dm > Yo U e o g lgn slod o conl Jbs d bl cpl sl Gialel bylys o3game
38 ol b gl il alss Sl Lald b 585l 5 5 slolds g B b sl el s
e g 4b el i pedse cpl Comt] Slasl laptuns 186 5 )lp Ble Ul lable dug,
s wlgd 13l ST ) kb, o oS ol bl ol 4 ST

oialol by 4 sy 098 daglesbl )3 (65,31 0aiS BN 5 GliSjle Sl slaylid) aseis slp pizeen
2ol i odlaiwl g (wiule,S (slapiu 3l odlaiwl Sl pas ( iole )5 lapiinaw  eslal Sl b cdls aw j Syl
oS By 3 ol Jy) gl pialeS (slnpiopm 3] (ISl Sl )3 b st (el (slagis J
Foslanal Gl pas el )5 a3)8 Qbal Al ) Sp S sloar (i) pow Cuglsl 5 S U Oade ped Cadlyl
PP Slod () paw Caglgl 5 05w slalad 03 (g pgd Cuglsl e )S Wl (aeder Sl Coglyl (oiale S (lapta
39 Cagy siritleS g ) eslid 20lS ) Cagll sirtaleS sloig | 2o et o3izal sl 5 4 9
byld) s Ui @l ool b plolid &l JSS glear (538 paw Cagll 5 (B pily) Jl edlatl Jals
el J0)55 0 (Gl Gl & ey S syt Caglyl ) STy e sla i) s 4 28T

5 oSl )b, b el 5] Sle (6551 €8 pn izan 5 el dtgy 5 (Sl Slaptas (52]8T wa gl
by dme skl GSLe Syl pialil el cplpls sl 36 el Ly b )85l e gl oo Jud
s 03] oeldl sl (55 Funly S Hl8) & d g5 (19 (Sl (Slapias 5 oSl dtogy

2 OlSls & oty (BT 5 gy el 5 (65 (S0 5 oldl i 0,50 )3 (2T pg3l o gy (ol (sloazily
spledle (b )3 (55l (ot & 405 Grzmen 5 Gilel bilpd & ey 3 )l Sla)ld) ;8b pogas
S oo 15T ol olod Loyl (6510l g omnldl i b (6 iy ks (sl S Lo (287 Jlb g o]


http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo Y.

References

Ahmed Ali, K., Ahmad, M. |., & Yusup, Y. (2020). Issues, Impacts, and Mitigations of Carbon
Dioxide  Emissions in  the Building  Sector.  Sustainability,  12(18), 7427.
https://doi:10.3390/su12187427

Ahmed, O., Sezer, N., Ouf, M., Wang, L., & Hassan, I. G. (2023). State-of-the-art review of occupant
behavior modeling and implementation in building performance simulation. Renewable and
Sustainable Energy Reviews, 185, 113558. https://doi.org/10.1016/j.rser.2023.113558

Ahn, J.,, & Cho, S. (2017). Anti-logic or common sense that can hinder machine’s energy
performance: Energy and comfort control models based on artificial intelligence responding to
abnormal indoor environments. Applied Energy, 204, 117-130.
https://doi.org/https://doi.org/10.1016/j.apenergy.2017.06.079

Alhorr, Y., Katafygiotou, M., Elsarrag, E., Arif, M., Kaushik, A., & Mazroei, A. (2016). Occupant
productivity and indoor environment quality linked to global sustainability assessment system.
buiding and environment, 105, 365-389. https://doi.org/10.1016/j.buildenv.2016.06.001

Ali, A. A. M., Hagishima, A., Abdel-Kader, M., & Hammad, H. (2013 .(Vernacular and Modern
Building: Estimating the CO2 emissions from the building materials in Egypt, . Building
Simulation Cairo 2013, 3-13.

Arowoiya, V., Onososen, A., Moehler, R., & Fang, Y. (2024). Influence of Thermal Comfort on
Energy Consumption for Building Occupants: The Current State of the Art. Buildings, 14, 1310.
https://doi.org/10.3390/buildings14051310

Ashouri, M., Fung, B., Haghighat, F., & Yoshino, H. (2019). Systematic Approach to Provide
Building Occupants with Feedback to Reduce Energy Consumption. Energy, 194, 116813.
https://doi.org/10.1016/j.energy.2019.1

Baldi, S., Korkas, C. D., Lv, M., & Kosmatopoulos, E. B. (2018). Automating occupant-building
interaction via smart zoning of thermostatic loads: A switched self-tuning approach. Applied
Energy, 231, 1246-1258. https://doi.org/10.1016/j.apenergy.2018.09.188

Cabeza, L. F., Bai, Q., Bertoldi, P., Kihila, J. M., A.F.P. Lucena, Mata, E., Mirasgedis, S., Novikova,
A., & Y. Saheb. (2022). Buildings. In IPCC, 2022: Climate Change 2022: Mitigation of Climate
Change. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change

Carlucci, S., De Simone, M., Firth, S. K., Kjergaard, M. B., Markovic, R., Rahaman, M. S,
Annageeb, M. K., Biandrate, S., Das, A., Dziedzic, J. W., Fajilla, G., Favero, M., Ferrando, M.,
Hahn, J., Han, M., Peng, Y., Salim, F., Schliiter, A., & van Treeck, C. (2020). Modeling occupant
behavior in buildings. Building and Environment, 174, 106768.
https://doi.org/10.1016/j.buildenv.2020.106768

Carpino, C., Loukou, E., Heiselberg, P., & Arcuri, N. (2020). Energy performance gap of a nearly
Zero Energy Building (nZEB) in Denmark: the influence of occupancy modelling. Building
Research & Information, 48(8), 899-92 .https://doi.org/10.1080/09613218.2019.1707639

Chen, J., & Taylor, J. E. (2013). Layering residential peer networks and geospatial building networks
to model change in energy saving behaviors. Energy and Buildings, 58, 151-162.
https://doi.org/10.1016/j.enbuild.2012.11.027

Clarity Sustainability, C. (2015). Communications for Energy Behaviour Change.

Duan, J., Li, N., Peng, J., Liu, Q., Peng, T., & Wang, S. (2023). Clustering and prediction of space
cooling and heating energy consumption in high-rise residential buildings with the influence of
occupant behaviour: Evidence from a survey in Changsha, China. Journal of Building Engineering,
76, 107418. https://doi.org/10.1016/j.jobe.2023.107418

Fekri, H., Soltani, M., Hosseinpour, M., Alharbi, W., & Raahemifar, K. (2022). Energy simulation of
residential house integrated with novel 10T windows and occupant behavior. Sustainable Cities and
Society, 78, 103594. https://doi.org/10.1016/j.5¢s.2021.103594

Gaetani, I., Hoes, P.-J., & Hensen, J. (2018). Estimating the influence of occupant behavior on
building heating and cooling energy in one simulation run. Applied Energy, 223.
https://doi.org/10.1016/j.apenergy.2018.03.10

Hashempour, N., Taherkhani, R., & Mahdikhani, M. (2020). Energy Performance Optimization of



https://doi:10.3390/su12187427
https://doi.org/https:/doi.org/10.1016/j.apenergy.2017.06.079
https://doi.org/10.1016/j.buildenv.2016.06.001
https://doi.org/10.3390/buildings14051310
https://doi.org/10.1016/j.energy.2019.116813
https://doi.org/10.1080/09613218.2019.1707639
https://doi.org/10.1080/09613218.2019.1707639
https://doi.org/10.1016/j.apenergy.2018.03.108
http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

AR S92 Sy S5 | ot et (3K 5Ly 4T 5509 (SLOE 40yl S8y I T

Existing Buildings: A Literature Review. Sustainable Cities and Society, 54, 101967.
https://doi.org/10.1016/j.5¢s.2019.101967

Heidari, S. (2000). Thermal comfort in Iranian Courtyard housing., PhD thesis, University of
Sheffield. http://etheses.whiterose.ac.uk/10239/

Hong, T., D'Oca, S., Turner, W., & Taylor-Lange, S. (2015). An ontology to represent energy-related
occupant behavior in buildings. Part I: Introduction to the DNAs Framework. Building and
Environment, 92, 764-777. https://doi.org/10.1016/j.buildenv.20

IPCC. (2023). Climate Change 2023: Synthesis Report. Contribution of Working Groups I, Il and 1l
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change 35-115.
https://doi.org/ 10.59327/IPCC/AR6-9789291691647

Jami, S., Forouzandeh, N., Zomorodian, Z. S., Tahsildoost, M., & Khoshbakht, M. (2021). The effect
of occupant behaviors on energy retrofit: A case study of student dormitories in Tehran. Journal
ofCleanerProduction, 278,123556. https://doi.org/https://doi.org/10.1016/j.jclepro.2020.123556

Kaewunruen, S., Rungskunroch, P., & Welsh, J. (2019). A Digital-Twin Evaluation of Net Zero
Energy Building for Existing Buildings. Sustainability, 11(1).

Kampelis, N., Gobakis, K., Vagias, V., Kolokotsa, D ,.Standardi, L., Isidori, D., Cristalli, C.,
Montagnino, F. M., Paredes, F., Muratore, P., Venezia, L., Dracou, M. K., Montenon, A., Pyrgou,
A., Karlessi, T., & Santamouris, M. (2017). Evaluation of the performance gap in industrial,
residential & tertiary near-Zero energy buildings. Energy and Buildings, 148, 58-73.
https://doi.org/10.1016/j.enbuild.2017.03.057

Kazmi, H., D’Oca, S., Delmastro, C., Lodeweyckx, S., & Corgnati, S. P. (2016). Generalizable
occupant-driven optimization model for domestic hot water production in NZEB. Applied Energy,
175, 1-15. https://doi.org/10.1016/j.apenergy.2016.04.108

Lamberti, G., Salvadori, G., Leccese, F., Fantozzi, F., & Bluyssen, P. M. (2021). Advancement on
Thermal Comfort in Educational Buildings: Current Issues and Way Forward. Sustainability, 13,
10315. https://doi.org/10.3390/su131810315

Langevin, J., Wen, J., & Gurian, P. (2016). Quantifying the human-building interaction: Considering
the active, adaptive occupant in building performance simulation. Energy and Buildings, 117, 372-
386. https://doi.org/10.1016/j.enbuild.2015.09.026

Latha, H., Patil, S., & Kini, P. (2022). Influence of architectural space layout and building perimeter
on the energy performance of buildings: A systematic literature review. International Journal of
Energy and Environmental Engineering, 14, 431-474. https://doi.org/10.1007/s40095-022-00522-4

Li, J., Yu, Z., Haghighat, F., & Zhang, G. (2019). Development and improvement of occupant
behavior models towards realistic building performance simulation: A review. Sustainable Cities
and Society, 50, 101685. https://doi.org/10.1016/j.5¢s.2019.101685

Loengbudnark, W., Khalilpour, K., Bharathy, G., Voinov, A., & Thomas, L. (2023). Impact of
occupant autonomy on satisfaction and building energy efficiency. Energy and Built Environment,
4(4), 377-385. https://doi.org/10.1016/j.enbenv.2022.02.007

Mahdavi, A., Berger, C., Amin, H., Ampatzi, E., Andersen, R., Azar, E., Barthelmes, V., Favero, M.,
Hahn, J., Khovalyg, D., Knudsen, H., Luna Navarro, A. ,Roetzel, A., Sangogboye, F., Schweiker,
M., Taheri, M., Teli, D., Touchie, M., & Verbruggen, S. (2021). The Role of Occupants in
Buildings” Energy Performance Gap: Myth or Reality? Sustainability, 13, 3146.
https://doi.org/10.3390/5u13063146

Masoso, O. T., & Grobler, L. (2010). The dark side of occupants’ behaviour on building energy use.
Energy and Buildings, 42, 173-177. https://doi.org/10.1016/j.enbuild.2009.08.009

Muroni, A., Gaetani, I., Hoes, P.-J., & Hensen, J. (2019). Occupant behavior in identical residential
buildings: A case study for occupancy profiles extraction and application to building performance
simulation. Building Simulation, 12, 1047-1061. https://doi.org/10.1007/s1-0573-019-2273-x

Orland, B., Ram, N., Lang, D., Houser, K., Kling, N., & Coccia, M. (2014). Saving energy in an office
environment: A serious game intervention. Energy and Buildings, 74, 43-52.
https://doi.org/10.1016/j.enbuild.2014.01.036

Ortiz, M. A., &Bluyssen, P. M. (2018). Proof-of-concept of a questionnaire to understand occupants'
comfort and energy behaviours: First results on home occupant archetypes. Building and


https://doi.org/10.1016/j.scs.2019.101967
http://etheses.whiterose.ac.uk/10239/
https://doi.org/10.1016/j.buildenv.2015.02.019
https://doi.org/10.1016/j.enbuild.2015.09.026
https://doi.org/10.1007/s40095-022-00522-4
https://doi.org/10.1007/s40095-022-00522-4
https://doi.org/10.1016/j.scs.2019.101685
https://doi.org/10.3390/su13063146
https://doi.org/10.1016/j.enbuild.2009.08.009
https://doi.org/10.1016/j.enbuild.2014.01.036
http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html

[ Downloaded from jhre.ir on 2026-06-25 ]

[ DOI: https://doi.org/10.22034/44.191.19 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo Yy

Environment, 134, 47-58. https://doi.org/10.1016/j.buildenv.2018.

Ouf, M. M., O’Brien, W., & Gunay, H. B. (2020). Optimization of electricity use in office buildings
under occupant uncertainty. Journal of Building Performance Simulation, 13(1), 13-25.
https://doi.org/10.1080/19401493.2019.1680733

Pothitou, M., Kolios, A., Varga, L., & Gu, S. (2014). A framework for targeting household energy
savings through habitual behavioural change. International Journal of Sustainable Energy, 35(7),
686-700. https://doi.org/10.1080/14786451.2014.936867

Ren, Z., Chen, Z., & Wang, X. (2011). Climate change adaptation pathways for Australian residential
buildings. Building and Environment, 46(11), 2398-2412.

Rouleau, J., Gosselin, L., & Blanchet, P. (2018). Understanding energy consumption in high-
performance social housing buildings: A case study from Canada. Energy, 145, 677-690.
https://doi.org/https://doi.org/10.1016/j.energy.2017.12.107

Sangalli, A., Pagliano, L., Causone, F., Salvia, G., Morello, E., & Erba, S. (2020). Behavioural
Change Effects on Energy Use in Public Housing: A Case Study. Sustainability in Energy and
Buildings,759-768. https://doi.org/10.1007/978-981-32-9868-2_64

Santangelo, A., Yan, D., Feng, X., & Tondelli, S. (2018). Renovation strategies for the Italian public
housing stock: Applying building energy simulation and occupant behaviour modelling to support
decision-making process. Energy and Buildings, 167, 269-280.
https://doi.org/10.1016/j.enbuild.2018.02.028

Santin, O. (2013). Occupant behaviour in energy efficient dwellings: evidence of a rebound effect.
Journal of Housing and the Built Environment, 28, 311-327. https://doi.org/10.1007/s10901-012-
9297-2

Tan, B. (2020). Design of Balanced Energy Savings Performance Contracts. International Journal of
Production Research, 58, 1401-1424. https://doi.org/10.1080/00207543.2019.1641

World Health Organization, W. (2016). WHO | Infographics on Health and Climate Change

Xu, X., Yu, H,, Sun, Q., & Tam, V. W. Y. (2023). A critical review of occupant energy consumption
behavior in buildings: How we got here, where we are, and where we are headed. Renewable and
Sustainable Energy Reviews, 182, 113396. https://doi.org/10.1016/j.rser.2023.113396

Yan, D., Hong, T., Dong, B., Mahdavi, A., D'Oca, S., Gaetani, I., & Feng, X. (2017). IEA EBC Annex
66: Definition and Simulation of Occupant Behavior in Buildings. Energy and Buildings, 156. 258-
270. https://doi.org/10.1016/j.enbuild.2017.09.084

Yousefi, F., Gholipour, Y., & Yan, W. (2017). A Study of the Impact of Occupant Behaviors on
Energy Performance of Building Envelopes Using Occupants’ Data. Energy and Buildings, 148.
182-198. https://doi.org/10.1016/j.enbuild.2017.04.085

Yu, C, Du, J., & Pan, W. (2019). Improving accuracy in building energy simulation via evaluating
occupant behaviors: A case study in Hong Kong. Energy and Buildings, 202, 109373.
https://doi.org/10.1016/j.enbuild.2019.109373

Zhan, S., & Chong, A. (2020). Building occupancy and energy consumption: Case studies across
building types. Energy and Built Environment, 2, 167-
174 https://doi.org/10.1016/j.enbenv.2020.08.001

Zhang, Y., Bai, X., Mills, F., & Pezzey, J. (2018). Rethinking the role of occupant behavior in
building energy performance: A review. Energy and Buildings, 172, 279-294.
https://doi.org/10.1016/j.enbuild.2018.05.017.

DOI: https://doi.org/10.22034/44.191.19



https://doi.org/10.1080/19401493.2019.1680733
https://doi.org/10.1080/14786451.2014.936867
https://doi.org/https:/doi.org/10.1016/j.energy.2017.12.107
https://doi.org/10.1007/978-981-32-9868-2_64
https://doi.org/10.1007/s10901-012-9297-2
https://doi.org/10.1007/s10901-012-9297-2
https://doi.org/10.1080/00207543.2019.1641240
https://doi.org/10.1016/j.enbuild.2017.09.084
https://doi.org/10.1016/j.enbuild.2017.04.085
https://doi.org/10.1016/j.enbuild.2018.05.017
https://doi.org/10.22034/44.191.19
http://dx.doi.org/ https://doi.org/10.22034/44.191.19
http://jhre.ir/article-1-2625-fa.html
http://www.tcpdf.org

