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Extended Abstract

The optimization of architectural elements in response to local climatic condi-
tions has long been a crucial factor in achieving thermal comfort and energy
efficiency within buildings. In traditional Iranian architecture, passive strategies
such as central courtyards and semi-open spaces like the Iwan have played an
integral role in moderating microclimatic conditions, reducing dependence on
mechanical systems, and ensuring thermal equilibrium throughout seasonal
changes. This research investigates the thermal and energy performance of the
Iwan as a passive architectural element in hot and dry climates, focusing on
the Moghadam Museum House in Tehran as a representative example of his-
torical architecture adapted to local environmental conditions. The study aims
to analyze how the presence, orientation, and geometric configuration of the
Iwan influence indoor thermal comfort, natural ventilation, and overall building
energy consumption. For this purpose, a three-dimensional model of one of
the rooms in the Moghadam Museum House was developed and simulated us-
ing DesignBuilder software, which is powered by the EnergyPlus dynamic ther-
mal simulation engine. Two primary scenarios were tested: the baseline model
without an lwan and an alternative model with the existing northern lwan as
depicted in the historical plan of the building. Additional simulations were per-
formed by rotating the lwan to the southern, eastern, and western orientations
to determine the optimal configuration for thermal and energy performance
under Tehran’s climatic conditions. The simulations were conducted under nat-
ural ventilation without any mechanical HVAC systems to isolate the passive
effects of the lwan. All boundary walls except the facade containing the Iwan
were treated as adiabatic surfaces, ensuring consistent heat transfer conditions
for accurate comparison. The study focused on analyzing annual and month-
ly variations in air temperature, mean radiant temperature (MRT), operative
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temperature, relative humidity, Predicted Mean Vote (PMV), and Predicted Per-
centage of Dissatisfied (PPD), all evaluated according to ASHRAE Standard 55
for thermal comfort.

The results of the annual simulation revealed significant differences in indoor
environmental conditions across various orientations of the lwan. In the ab-
sence of an lwan, the average indoor air temperature reached 23.50°C, with a
mean radiant temperature of 24.18°C and an operative temperature of 23.84°C,
whereas the inclusion of a northern Iwan reduced these values to 22.88°C,
23.49°C, and 23.19°C, respectively. The southern lwan demonstrated slightly
higher thermal gains, with an operative temperature of 25.91°C, but provid-
ed more effective solar shading during peak summer months. The eastern and
western Iwans resulted in higher indoor temperatures (above 25.5°C), indicat-
ing increased exposure to low-angle solar radiation during the morning and af-
ternoon. Relative humidity also varied across configurations, averaging 27.12%
in the base case and 22.91% with a southern Iwan, reflecting the interaction
between ventilation rates and indoor air dryness. The Fanger comfort indices
indicated that the northern and southern Iwans provided the most balanced
thermal comfort conditions. The annual average PPD values were 76.16% for
the northern lwan and 68.52% for the southern one, while the PMV indices
were -0.58 and +0.17, respectively, indicating that the southern Iwan produced
slightly warmer conditions but still acceptable comfort levels.

Further analysis revealed that the presence of an lwan contributed to the mit-
igation of temperature fluctuations throughout the day, leading to improved
thermal stability and lower cooling demand. The absence of an Iwan resulted in
increased solar radiation penetration, especially during summer, causing over-
heating and higher PPD values exceeding 90% in July and August. The inclusion
of a southern lwan reduced the cooling load by approximately 10% compared
to the base case, highlighting its shading effectiveness against high-angle solar
radiation. The total annual cooling energy demand in the no-lwan model was
36,850.09 kWh, while the lwan model consumed 33,259.98 kWh, demonstrat-
ing a substantial reduction in energy consumption due to passive architectur-
al adaptation. Heating demand, conversely, slightly increased in the lwan case
(211.96 kWh compared to 61.43 kWh) as a result of shading effects reducing so-
lar heat gain during winter. Despite this, the net annual energy performance fa-
vored the lwan-equipped configuration due to its improved summer efficiency.
Moreover, airflow analysis indicated that natural ventilation rates (ACH) were
highest for the open southern Iwan configuration, reaching 1.31 ACH, while
the no-lwan scenario had a lower rate of 0.87 ACH. Enhanced cross-ventila-
tion contributed to efficient removal of internal heat and improved air quality,
reducing reliance on mechanical fans and active cooling systems. Simulation
outputs for PMV and PPD further confirmed these results: the southern lwan
maintained PMV within the 0.5 comfort range during 63% of annual hours,
while the northern Iwan achieved acceptable comfort during 59% of the time.
These findings align closely with previous research emphasizing the critical role
of semi-open architectural spaces in moderating heat exchange and enhancing
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occupant comfort in arid regions (Zhou et al., 2023; Heidari & Sharples, 2022).

In addition to thermal comfort, the study examined the effect of the Iwan on
lighting and energy efficiency. The Iwan acted as a passive shading device, mit-
igating glare and distributing daylight more uniformly across interior spaces.
This effect reduced direct solar penetration, preventing localized overheating
near windows and reduced cooling loads. Although artificial lighting consump-
tion was slightly higher in Iwan-equipped scenarios due to reduced direct sun-
light, the overall energy savings from reduced cooling demands outweighed
this increase. The total electricity use for mechanical systems, including fans
and pumps, was 7,314.65 kWh in the Iwan scenario, compared to 7,790.69 kWh
in the scenario without the Iwan, representing an approximately 6% reduction
in auxiliary energy use.

From a seasonal perspective, the southern lwan demonstrated superior perfor-
mance in the warm months (May to September), mitigating overheating and
stabilizing indoor temperatures around 26°C. The northern Iwan and the no-
Iwan configurations performed similarly during cooler months (November to
February), indicating that the northern shading had limited but positive effects
during winter. The eastern and western Iwans, although contributing to shad-
ing, introduced higher thermal loads due to direct morning and evening sun
exposure, suggesting that they are less effective in Tehran’s climatic context.

Overall, the findings confirm that the incorporation of a southern Iwan pro-
vides optimal thermal and energy performance in hot and dry climates. The
results emphasize that passive architectural elements, when designed based
on climatic data, can substantially enhance the environmental performance of
buildings. The presence of the lwan effectively balances solar gain, ventilation,
and daylight distribution, thereby enhancing thermal comfort and minimizing
reliance on mechanical systems. This corroborates traditional Persian architec-
tural principles, in which spatial hierarchies and semi-open courtyards were his-
torically employed to regulate microclimates naturally.

In conclusion, the simulation-based assessment demonstrates that integrating
Iwans into modern residential architecture in hot and dry regions can play a
significant role in achieving sustainable building performance. The study high-
lights the potential for combining traditional passive strategies with modern
simulation tools—such as DesignBuilder—to optimize design decisions. Imple-
menting such elements can lead to measurable reductions in cooling energy de-
mand, enhanced thermal comfort, and improved indoor environmental quality,
thereby fostering more resilient and energy-efficient buildings. The Moghadam
Museum House case study exemplifies how architectural heritage can inform
contemporary sustainable design practices, bridging the gap between tradition-
al wisdom and modern technology. These results underscore the importance
of climate-responsive architectural design, particularly the reintroduction of
Iwans and courtyards as integral components of building envelopes in regions
characterized by high solar radiation and low humidity. The study suggests that
future research should expand upon these findings by incorporating occupant
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behavior modeling, multi-objective optimization of geometric parameters, and
hybrid systems integrating photovoltaic shading devices to further enhance
building performance and energy resilience in arid environments.

Keywords: lwan; Hot and dry climate; House; Thermal comfort; Energy simula-
tion



VWYY

VF 0 Gl cpmdzed 8ylosds oy 89 (3l et 9 (8 lore dugady dolilad

il Uy 3 (leal pais (S S5 il oanryy
O e (s S Lo L

TCIgE ya 315 s ¢ MBI S Loy

VFeD=¥=8 1 opd gl AFeF-r A= il &)l

DOI: 10.22034/rau.2026.2075971.1274

Gk 3 iS5 p)S Sl )3 (63550 bl 5 Glsl asle jlaes slalab Sk
bolesbe Gl el d9te 5 (b asps 1B S8 50 Jlbpe o)),
5 e 3es ilwdinge 3 Olpl (28 byl Ban byl (iagh D9 oo g
55,5 o Sy i o Sl sl O3 S5 5.5 ol > 5 i i0lS
Ol G (Gl de 5 03,5 O] diges Glgie 45 i slaasls 13 Glgl yolma (31 5
93 aalllao (3l > .85 Cygo MGl il Hgige 4l pilacalid JliSley 53
(292« Jlod) Olapl (pldlyr Cumdga o cizeed 9 (Ul B9 9 (Ul L) (5305l
slod dogn (slod ol (g3lwanis 3l Juols (sboodls .aiid)S )8 fulod 5590 (0 )& 5 Sy
sley 55k 2 PPD (Gl (o)l aslis g PMV (Gl (inlul asls (pSlee (o2l
Ok (il Cage p)S Jpad ) a9 Oll &5 3> Gl gl was bl dlecs
Olol Og Il &y G Moy 3 A 3ga LPPD yialS 90,5 bl as o+ /5 B 1815 slod
b 290 (S gm0 9 Bl piislopuo )l (il Eecl Ol 3929 izren 2,8
3 513 5lod G5 o s 5 By Sl 9 il b Ol i Bl 9 .03
i Olggl )0 (aBouus (slod Gyl a8 Cuild do g Wb Cpizmed 00,5 (655 Bpuas
Sl ol 0 dnls Slazsls 5o 3,50 ytalosS (lpee LElS el Lo glgo 5t 3
P o cage (Bl Gl Gl el g e el dige (b &S sl
355 K 0 bl igSons Slaplaiilo > s oS S5 3 55,1 s

S5 Slwdanis (S £)S waldl ¢ tiw al (Olgl (Laojlganls

Jgiuuno b0iuawss) Olyl (343 < o03yl55 o8NS (6 ylars g yids 008D ¢(Gylars 09,5 bobusl )

Email: A.keshtkar@khu.ac.ir @ 0000-0001-6916-380X
ulj.ul (Z)s gfl.w) UJLC L)")?"‘ Ao ‘Lg))..l 9 J)Lo.vw °5)§ s.\{f))l ML.»:)K Y

Email: sh_badrkhahan@yahoo.com @ 0009-0004-1643-5858




.(al., 2020; Tabadkani et al., 2022

Slotinge )3 g i onesd B0 b gy o
st slaglessli )3 (5551 Sy ialS 5 > 3,Sles
5l Ay le gy Glaal b plosl Gl ies Sis g )5 ald]
5 51> sle sl (Sdsl 5 oS b byl -
il Ll sla yasls
(g by slagysliw 10 Glaislo Syl 0, Sles dulds —
(> ot e sl ainge S o s 1l g 5
S35 Gpan 5 oo 505
sl V15 cpl 4 Gl JLod & (g comizmen
9 1> slod Bl oo 695 Llopl (Sd925L 9 55 —
Stz gy (Bl el sl pasly
Span g Sl Ik 2 &b 4 gl cilisa Sl -
§3)38 oo ezl g3,

5 55l Silwands 2 4SS L ol dlie (ol oyl
o o8l 5 bl (Sog23ls 15 sy 42« > el
905 waldl )3 (SeSus w503 4 )9 9 (Sl e
e 3l die oyl Mg (o g o0 Oles Seas
@l 1w Wl G551 yan 5 (x5S o> el
bbb 5o 608 Sleinly Ulgis & S5 Limghs ool
38 5 02lil 3,90 saslil (Lo g3lusmiisly

(Ol o 31) 3bdas g 3L (slaliad a5 Slosly oyl gl
S Sip25)S osdle (St 508 ol lane 3
gy loleislo 6y 5 (Gl Ll welail )3 048y
55550 By 218 Myt ool Sl 4 515
Safarzadeh & Bahadori, 2005;) 39 & ylas )l y> u@u
(8l (i) (wdin syl )y (Meir et al., 1995
g las sl g (gl/Jhdes polic ((gpSiaa (oo
Muhaisen) 5,355 155 @555 b S 32 e oo

(& Gadi, 2006; Ghaffarianhoseini et al., 2015
3L clalad was o Glis Oldlas :paldly e Joaad —
ol S sy o Glaisluggd led (ials Cely
Meir et al.,) S5 e jg) 155 €238 Sy 3 om0 €5
sajlulals Glgis 4 aolel .(1995; Sadafi et al., 2011
S g e (2l 2l )3 dawly glalad 5 S5

VF 20 Gl cpdoed 8yladds (o 89 (3l el 9 (S lore dugady dolilad
VP B ) Y i 00l s B 1S S Lol 0 gyt st slaclocs s )by 13 (s i (sl Sig 5l sy

EVXUIR|
G ) oalgySan S ol L 5350 bl )3 (55
3ySdas dod bl jialS g xudo digrs Cugdi ¢ il S
W3 o Gl gy i o0 dgn0 ) W )9 9 (B>
Soflaei et al.,) 5l 0,Sleas oyl 3 sosdicno iU 2LS
.(2016; Zamani et al., 2018; Taleghani et al., 2014a
Phdlel 9535y bl 5o i 5o S laigyy
Oyl liso (bl 13 xudo g3 9 ()l bl Daago
calie (S aS umd o 5lid (6350 Slalllas 3le3,S 000
9 > oyl pals cage olis ool Oluls g p)2
S ) 350 313 (ol e (5l 9
O HSSWLCFD 5 ites (sl o cpizmas (VF o) () S
bla b ol bls)l 5 ($9:5k Olise s 535 o ol
Slise b Glesle (Gl 0les g lsp gei & 55 5
OFY (O Ken g 050l yed ¥+ olay) 3l
Wil HSlas & wipd o Gl S yuelyly Oldllas
ol awdin g ol @ atuly Gada Olgl g bls
e 5 sless s o caslio b o (SIS
o il Cel canliol sy a8 Jbs j5 aad s,
Ay 5 p% el gyl e bl Bl g &)l
Silwdends 9 (oodlll o 4l b alad ol (Sl
Taleghani et al., 2014b; Sun et al.,) 5,5 pl>l 38>
ool Alaiaiogn Slossl Cygri sl la jumgyy (2023
AT Hgeacsipl 35S0y b polae Glose 3 (st polis
OF Y Ol Ken g Glama sV F e+ (o, g y300l31) 5,1
"ok 5l ek (65l il slaygise CEyiny
Saolid ol Ol Tyuly s ale by slaylsl 5
slaJse b Gtoll glogasls g anb 495 (Gl )
Al-) Gl a3l ol sl Calises (sl )l j0 ks
o 3l 650,40 (dawoud, 2008; Crawley et al., 2001
bl (sbagy )l a5 cunl 00ls Glias ps] Slidss )5 byl 5l
slod > GpSpiar SOgE Ml o a9 sbdes L
Soflaei et) WS dbul (65, Gyuao g wgrd &« Sldeas



yva

VF 0 Gl cpmdzed 8ylosds oy 89 (3l et 9 (8 lore dugady dolilad

DOI: 10.22034/rau.2026.2075971.1274

3 Aed o0l gl S ccwnlio (Gl ile ¢ Syl p>
9 Sil Bpan 22l > (kg W (28 A5l o (oL 9
50)lnodiz (gla gjlusdgnis Sy S ol yolul (615
39 0 dog st Syiallh e (Sl Slne (Priylie]
.(Taleghani et al., 2014b; Ochoa et al., 2012)
Phb &8 w300 OliS i lagingly 2 K9y
s |y LUy 9 il el Wlgiee gl cuslee
ol ]y Gl b IS (65l Gpas g 223 D9 Gloje
wl.w Ju 0}:39 LngLg)Luw 9§90 Sldllae 11 a2
ol (53902 (i Slmyial)ly g At S (e 81

BT (g, Y

L&dtf)g) 9 ‘.‘b)‘).:‘ JY

el (6553l (ilwends 2 (e 9. 63,058 £33 g o
Sleex Vil ol doge an Jols iagsy (i)
8y (slwands 5 Samdw (SHlw Jde Y (63959 (sboodld
Zuhaib et) _ouuw)liasl g pls Jdos Y g (69 9 ()l
.(al., 2019; Zhou et al., 2023; Foucquier et al., 2013

@‘%Msd&’&ob}y JyY

e (slad/ 38Ul S 3l sanly (gl ($3)50 diged
3 o8l laodld 5 oldlrs Slasw .Cwl Gl 50
Olgis & TCMS Jlidley (295 9 lislen o L6
Slw s (Fumo, 2014) i odlaiwl (3lwaris (63959
ablis o M 3l b iz i plodl jul pl500 3 (Sdmsduw
Ol 4 el sl 5l (S ol pads als 28l
() ) 00,5 Cbsasl (g3lwJse S)lie

S5 031051 2590 (S purio g W yas L .Y .Y
5 PMV" [aslis aslis g3 ol 2 (il bl (L)
oS 3 9 5> Ll PMV 55 sl PPDY
solo)b loyd PPD g s o Glis +Y B =Y o3l o 1, o8
o syl okl bl S o i 1y Ol lS
clolad )3 Sl Gilel o (ol b (asls g
Aol oo Hloivay Calises

385kl yoluol |, PMV jaslis polde dzels () Jgasn
o] (pasls oyl amd e il ASHRAE 55-2017

Shaeri et al., 2018; Es-) 1,5 i) & slaw _oduniid (slod
.(kandari ét al., 2018
5 o (Sl £S5l Sy 1T 5 lwdnis g o 325 AR
sblio 1B il Sl pymre 63,50y 500 Slasjlotenis
Liloals (3l g l00,S sy dagy oyl s giiio Dlalllas sl gl
Crawley et al., 2001;) Cuul (Sygp o (Zeiwmyluc] a5
.(Zhang et al., 2017; Ghaffarianhoseini et al., 2015
Je b1y Sl Oldlae priw 7 iolel gl aslis —
by UTCIL PET wibe gy (sby saslis L PMV/PPD
Wl o cuolio (sl 9 3L bls aad oo Olis zols Wles,S
a1y PPD g Liad CS)p o b3 0dgd5e &4y |y PMV
.(Shaeri et al., 2018; Eskandari et al., 2018) L)
sobay olal slacus golal SCwns ¢ awaid _
Ol 9 il (6355 Sniyg il Ol juo (S5 pondtianse
Muhaisen & Gadi, 2006; Muhaisen,) %5135 . )l s
.(2006; Yasa & Ok, 2014
Ssb S Sis oS ol > ispScee —
()] (2p0g) Wb bjlin (b & 258 o @alat
An (o] s5bey Lgiomo Jliase) j5 C8b3 9 90 JS
oS b g Sl ilep Lol 2alS
Taleghani et al., 20143a;) Cuol Sla  Sluue) (suisyss
.(Shashua-Bar & Hoffman, 2003
Sl iy (lalad b awslio 9 plaa! (5l 48, —
S - (253 S rdgus 1D 05asd lgl aS Wiloals (4l
2 yalS ]y deid slod g Lad Slles (slod Wilg o
3 Olgl Eaemeyd Sy dgup |y PMV/PPD jaslis 4
Shaeri et) Cuol 50 )5 slrolo > iwloyw sl zals
.(al., 2018; Eskandari et al., 2018
lsp (xelo Ol 5k slalad lgd Gy g (oAb e —
Dolio ;5 <«(3YL ACH) dad o il 381 1) 181 dyge3 & 45 9
M o dgdme |y duged el dtundes b atay (slalad
.(Sadafi et al., 2011; Ochoa et al., 2012)
39) )9 @39 3k 4o 95k Slalad 1 Sy g 59, iy, -
y Soan Qi) Spas ol (Sl g odnise 390,
.(Ochoa et al., 2012; Hao et al., 2019) )5l o 2,8
bl gl Jio (gtiw polic & am 0 Ol gl
L) igpel Sl (65l g il sog2 390003 15350



VF 20 Gl cpdoed 8yladds (o 89 (3l el 9 (S lore dugady dolilad

VP B YR i 0ol s 55 VB ISt Lo 00503 s otios slocslaslos iy i3, )3 syt (sl g 56wy

Olgal g

)IJUIS’I

Sy Ol

ol g 40l 8 CS o isled g gl Sagyliw N S5

‘_,’J)‘P ual.u.bl LQ.MO?J 9 PMV ua>l.w )).)LQ.A aold ) J9.\>

.(ASHRAE, 2017)

SO e 5 1S oo Ol Liad G 53 1y 313 (3 Sko >

e s g6 Jslio ‘5"’}3 oG "‘“‘"’ oles KWESS ol P JE+0 -0 0L, Sy ‘):,,».L»T
om0 o 2 S P i ) L
_y . i " v ™ )l_m, A.ng‘) .A.A.M}l M).) \' }I ):Ag (PPD) OM@{M u"»,gl.»o)b

PMV = (0.303e7%936M 1 0.028)[(M — W) — H — E. — Crec — Erec] )

E =3.05%x 1073 (256 ty — 3373 — P,) + E,,, (¥)

E. =3.05%x1073[5733 - 6.99(M — W) — P,] + 0.42(M — W — 58.15) ()

Croe = 0.0014 M (34 — T,) )

Erec = 1.72 x 1075 M (5867 — B,) (®)

tage —
H=Ky==——% ()

Icl

VY-



WY

VF 0 Gl cpmdzed 8ylosds oy 89 (3l et 9 (8 lore dugady dolilad

DOI: 10.22034/rau.2026.2075971.1274

(o5 Olal (Jois Ol (gl o) Calises sl
el (2% el g (B Ol

ol slraize a¥lw Julosi ) Y

9 > slpasli SVl (1 Sle 5 IS b3 jolates,

iliseo (glag liw 55 yioll (slbadlge VLo 1Sibe ¥ Join

olgl | oyl | ol | alel | g
@t | S| ey | Jeb | ol
YO.OF | YO | YA.0A | YYAA | YY0- (C°) 192 (sl
VXY | Y5 | YEXE | YRR | YEOA | (C7) ndendd sled
YO.0M | YOV | Y821 | Yraa | yyAr (C°) ot slod
k] Lo Sis sbod
WYY LAYV ey [ vy |y | 6 . ¢
YEANQ | YEA8 | YY,AN | YV,AR | YY,NY () (o Cagby
VESY | VO,-¥ | SADY | V58 | V555 | (1) 506 kot Lasle
bl e Siloo i L
e ¥ | ey | ey | —eon [ —eyy | e oot
(7) ;56 )l

Olal cdlsjo I3 glen (slod cY Jguon 3illas
0350 4y (i SO § yidian (Slo,S BRIl aS Canol
S s Ol )3 (s Cogl) Canl Glino 55 tol]
ol pasls .l odd < YL Il Glgl ) g
odmwsy (15ADY) lado cpyiaS & o> Olel 4> (PPD)
225 BB das (1VE,55) Glgl (g Cls ay S oS
o394 Olgs) D939 45 sl (4] LSl modls (ggemmeyd 3yl
Sllog (ials s i (> Ik o (o5 42 )
Dy o olod

e, dlalo gl Y LY

2 Olgl s el ¢y sl glwands gls
Olwgs s lias Wodld .l odis 0l ioled «F Jodon
Cabye 36 55 5 o £ 5 3y slols 3 S (sled
ol iolol lo asli o (315 slod foass o ol

ol pas
(W/m?) (38 puudgolio :M
(W/m?) SolKe )8 :W
(C°) Cuwgy slod tk
(C°) ol o slod it
(C°) lan (slos :ty
(Pa) B S lid Py
(m2-K/W) uuLJ U_'S)]):- g';uoslii.o el
oW Ol Jas) oy Ky
(W/m?) 5,55 5 (ol yuses By
okl (V) oyleis dlasly 51 PPD das L dwlro (¢l
b 5 Gl Siolel 4 4555 b PPD aasly gi 0
3L alo)b sy i Ul g OpS e S50
Olely s ) Gl ol 5l (2lo)b ulus]) oo

Do o duwle oy alaily b 5l 50 dasli ) S e
PPD = 100 — 95 ¢(-0.03353xPMV*-0.2179xPMV?) )

S5 50 oS Gl (60l 3l wops 3l wesE PPD yasli

S S o ol el B Sl )b
Qb s b 4 Kooy bl

(ASHRAE, 2017) _j)l,> _ioll ydlio azals .Y Jgu

PPD o J3las PMV ,lads
10 g4
JARRISS +0.0
JALTS™ +)

5 PMV o3 L6 o390 iy (bl Jibos o

Ty 008 s (Sl yas L (lais 4 PPD _ulin,l sy

Nabil & Mardaljevic, 2006; Reinhart &) L. odld
.(Wienold, 2010

Ll ¥
Sl 9 58l Slagloands 5l ol @ls «ise ol 5
2 o 3Sles dunlio (Juloo 5l Ban 09 o &)



VF 20 Gl cpdoed 8yladds (o 89 (3l el 9 (S lore dugady dolilad

VEF B YR i 0ol s 5 VB IS it Lol 00503 3 tos (slacslazslos iy i3y 3 i it clin g 5B susyy

2l | pelg | S| el | gl | adel | oo W | gl | oube | ays | asly

A0 | VLY | AWLYR [ YO | YooV [ YRAY | YAYD | YVVE | VY. [ Vess | FAA | YA (C°) g St clod

VOOY [ VY | YR | XYLV [ YY,es [ YV,0N | FEYY | YV | YYLEY [ VSAY | Ve sA | AR (C°) lgn (slod

W,oe [ AGEA | YEYY | YYAY [ YV,YS | YAYe | YYeS | YAAY | YRS [ AV,08 | ALYE | A (C°) omitnis slod

VYS [ AYE | YEAE | YAV [ VY [ YV | PEST | YAYA | VYA [ VY | Veay | (€) Slles slod o9k
FYoo | YYOA | YOYY | VLYY | VXY | VRN | AYES | YYAY | YEAY | YVLYA | YV,0A | VA () (o> Cagloy s
ALFS | SV,AS [ AVOY | SEYA | A0V | A4FY | AAA | FYLFD | AN | VVLEY | ARFY | Ve (7) ulo)b sl

SYA LY [ XY | VAL | HYAY | HFNA [ TS | Y | VLYY | SYNE | STAY | YD | (V) Gyl oeles] 6S0ke

VYV [ VSAY | YYAY | VLY [ YENY [ TSNS | YRAT | YV | YVAY [ ASEY | VXY | AYY (C°) Iy slod

VOAY | AVFA [ YRAD | YYLEY | YEYS | YSAY | YONY | YV,YS | VYOV | AY,ee [ VeaY | ane (C°) (ninit3 clod

Ve, [ AVYY | YELER | YY,e [ YEFD [ YEER | FONA | YVYA | YYLYS [ NSV | VST | AAS (€) Slles slod s
FEFY | YROF | YEYY [ OAYY [ AWV [ AVER | VEYE [ VEF | YOAY | YYVY | FAYY | OFYYY () (o> Caghoy b
A9,08 | SO0 | VAYS | SeAY | QAAY | AV,08 | A0 | FRLYA | SYLYA | VRN | AQss | Ve (7) Lulo)b Lasle

SYAD | SYND [ =Y [ VA | RTOA | TS | YT | e | SV | SV | SYAs | SR | () Gyl eles] nS0ke

VEFE | YYLAY [ YEOY | YYLFA | YSOA | YSeY [ YEA0 | YV,YA | YYLVY | V4,0 [ VY | VT (C°) lsn (slod

WOYE | YEA0 [ YYFA | FE,eQ | YY,eY | FSEY [ YO,) | YYLVR L VEYY | VST | VSN | \0,)Y (C°) omitni3 slod

VEAE | YEFE | YV,ee | FYLYA | YSAS | FEYD | YEVA | YV,OY | VYAV | VXY | VOAY | VEVA (€) Slles slod N
Yo U | VEYY | YA | VAR | AYA | AVAY | AOYA | YRAY | YEAY | YY) | YYLEY | YAy (1) (o Caghoy el
YAYY | VASY | YANY | ARNA | A0V | AV,AY | QY0 | FAYY | OV,AY | OTAY | AV,A | aRaY (1) Loloyb asls

SYYA | = A | =00 | AYFA | AYVY L ARAY | 4V AS | e | SAYE | V0% | SY0A | SV A | () Sl peles] 6l

YLEE [ OYAAY | YONY | YOYA | oY [ YUY | YAYY | YRAY | YEYE | AF [ avra | Vea (C°) Iy (slod

A, [ VYN | YRAY | YENA | Yo VA [ YUAR | YUY | Yo | YEAD | V480 | AWML | VY (C°) omiinis glod

VLAY [ V8,08 | YOO | YOVA | FoFY [ YROY | YAVY | Yo ¥S | YESe [ AAYD | AWVEY | VYA (€) Slles slod N
FoOAV | YA | VEFY | AAYY | VYA | N0 | AYV,00 | YV | YY,ES | YAY | YYSY | YAFY (1) (o Caghoy o
QAR [ DOXY | VEF [ AVYA | Ve [ ARAA | A],AY | FY.SA | FEAL | ALY | AVAS | 43R (1) ulo)b yasli

SYEY L VS0 | =N [ ATYA | #0Y e [ HFAY | AEFD | VA | VY [ SV0A | Y | Yy | () ol peles] Sk

AEY | VLAY [ YDOY | FAFA | YUOA | FAAY | YANY | YUY | YYAA | VAAY | AYSF | Ve VA (C°) g (slod

ALAD | Yo X0 | YEES | FEYA | FXY | FUS | YAARY | FOFY | VRS | VLFY | AYNS | VLYY (C°) (minit3 clod

AEY | YOO [ YEY | YOAS | YA | YT | YALY | YRAY | VEYY | V4N [ YA | Ve (€°) Slles slod N
YARS [ YAYY | YYAY [ AAYY | VESY [ VXY | AVYY | YVeA | VY | YAYY | YV, | YRAY (1) (s Caglo wF
AV,OF | FV,e) | VSYY [ AYYY | Voo, | ARAY | A%,88 | FVVO | FR,0) | 05T | AV,0Y | q3as () nloyb jasls

SEEV [ SVYE [ YA [ AT | R0 | HRYE | RNV | 8 | VLYY | VS0 | SYYS | SYAS | () Gyl eles] 6Ske

VWY



WY

VF 0 Gl cpmdzed 8ylosds oy 89 (3l et 9 (8 lore dugady dolilad

DOI: 10.22034/rau.2026.2075971.1274

R RECLIVRY KU PR TR EIPY

Sbdes slalad i die) )0 live Sldllas b zols oyl —
AYAY (daal) 3 Jloswad Glyl o8l (g)loxe jo
(Zhou et al., 2023 £\ ¥+ . HLLS g &)l

Olgl @liseo Olea 3 5yl iwlw] Jdoss F Y
Amd e lis ]y )y bl glaasls gls «F JSKon
356 5 dsans Jlo Jsbo 13 PPD o PMV &l 155k nosls
s IS sl il Lol 1y Ol 55
A o

93 0 &S amd e ol Syl bl (g5lwdnds gls
lod (1 slod polis clgl gaun g (gl by Il
sl Jsad 0l S 5l ol o slod 5 (Sl
5 935 O3 K25 5 5 ol s b ol s 5
e Jgad )3 Jo el )15 1,3 il talol 0390 5
S99 g (b Vb agly 9 Sad o (Gl g
9 (31> slod (uals ) (550 (i (o9 o 5> Ol
S o i) ol L 5.

(Slad) clisee Sley o bolyl 3Sles dauslio
YL g Ol o5 3 00 Ol (058 9 (Brd e 9>
Jgad pp &S Jl 3 o)ls Jlo p)S Joad 3 1) 5yl 033k
alino (63 Sas Wy oo Gl Bl o b Jles Glggl dpuo
A2 &)l Job |18 o

smie olts a¥le LSl clos mls (IS jeboa,
S alad i (Gl luh Eeb Olgl jgan oS
Ol Ol ySpdar Dols Oliwsj 5 50k 5> 9d e
5 ke 5 Lol g od sdaline Glgl ey s g Il
il dgute g 93 o a5 o> Ol Ol
350 Sl

SiP Bpan g ¥l (Slod duolio .0 .Y
(Aage Olgl by b 93 501y (G3lwans IS ol (@ Jgan
ol 0 aawy o (Sl yial )b dd o yinled (gl (yood g
Spasly g o iloyw (ale)S « So Sl 55yl Bpae
A L;Bb L;)]P

by cdbs 93 3 (gilwdncs 3l ols (slaodld dusldo gols
S Gpas Gliee a5 a3 o Gl (Ul (s g (gl

) @m J&NQM Yy
w06 Olgl Cusdan &S M2y o Glid (lodeds gols
2313 Ol ol s g Lad (5> 513 0 6yt
Ol gyl Oloe 31y (> 3,8os (it g Ol )
ua>‘..w9+‘,\\/b))l); PMVum-Lw «,Jl:-u.il o ol 033
Cuxg oyl Cuwl 0359 ZEAQY b il ys (PPD) )y il
ol 3yl 3y bl 0dgdme 4y s  Sod3 ,Solo
3 50 Slles (slod glan (slod .l o s b dunlio )
))]D)‘)Bd)ﬁg‘;y»dhbujbQM&st&ADD?W
OSlas oo 4 Jo popw Jead o e olgsl ¥
oyl ol )0 (315 slod (1 SKbo Ll 00,8 SaST )l
5039 (gl oy s 3l S S ol 4> +,5 dgus
556 oamalas ) ol (dg) pidio PMV asls
by bés g Gl )3 e Ol cuolio  Sais' s
Job 1) Gily> Olog e (258 9 (S SO Y
5 YL Al gl o (B slod LledyS @z
+o, Y'Y B +2,YY 290 4 PMV a3 lis g 039 gyl plus
o Gl 02 STl slo)S il 38 (SSly A" el o)
B3 5 g Slel )3 4plyos e (23] (G50 ol
IS N - JORIJO
S Sy &Sl 03 = YF Ll PMV 4 75
Gl g0 Ol 395 ol o b > > s
Sl Glog Gl g () dugy ) e Ol Jlis]
) o Lad

Ay il gl 4 a9 b g Olal (LIS sbo
o Ol |y Jols oy yips ccmlio Gl 5Sas 4
bagrlye Jdd 4 (0)8 9 By ol < blie )3 1S
2 538 (2l 45l gy Shee Slels )3 b (b
515 93l g il es

145 C8)S donss Ol oo cnl e
(g S g 2wl 3 g Ol pSar -
oy Gllwg Wl o camlio Bos b Glgl 31 edlitnl —
ol bl (ol g ams gals as)d s By Js)s



VF 0 Ol comdomd 8ylois (uzeis 8y53 (§3lw et 9 (5 slore dugady dolilind
VEY B ) Y2 Ao 0 bl 105085 o 3B IS S Loy 0,y s st Slahot s il iy 5 syt sl S 5 ooy

Jan 2002

Jan 2002

Daily Frequency
1 January, Year 1 - 31 December, Year 1
Zone Thermal Comfort Fanger Model PMV, PEOPLE BLOCK1-ZONE1 - Block 01-With Porch-East
Zone Mean Radgiant Temperature, BLOCK1 ZONE 1 - Block 01-With Porch-North
Zone Thermal Comfort Fanger Model PMV, PEOPLE BLOCK1 ZONE1 - Block 01-With Porch-South
Zone Thermal Comfort Fanger Model PMY, PEOPLE BLOCK 1 ZONE 1 - Block 01-With Porch-West
Zone Thermal Comfort Fanger Model PMV, PEOPLE BLOCK1 ZONE 1 - Block 01-Without Porch

| \ B3
. >
\ E
\
9,
\ . \é
| N 3
\ YA S o3
M \A i - )
/Vﬂ.f A |
a A e
f f
f
Apr Jul Oct Jan 2003

Daily Frequency
1 January, Year 1 - 31 December, Year 1

Zone Mean Air Temperature, BLOCK1-ZONE1 -
Zone Mean Air Temperature, BLOCK1:ZONE1
Zone Mean Air Temperature, BLOCK1:ZONE1 -
Zone Mean Alr Temperature, BLOCK1:ZONE1 -
Zone Mean Air Temperature, BLOCK1:ZONE1 -

Apr

- Block 01-With Porch-South

Block 01-With Porch-West

Block 01-With Porch-Narth
Block 01-With Porch-East
Block 01-Without Porch

loa (slod dls yo gl

Jul Oct Jan 2003

Ol Oge 9 Ol b Sl

L3 o g (slod dlspo 5 5yl V@L.J as o PMV gl jlages Y S

WY



WO

VF 0 Gl cpmdzed 8ylosds oy 89 (3l et 9 (8 lore dugady dolilad

DOI: 10.22034/rau.2026.2075971.1274

Ao
Slhlas lod 5 (1Sileo (il (slod (S5 (slon (slod
I3 el e bl 51 5V oS gl gy s 4
Slo oo (B S s g3 4 (5 Sgpw Sias clod oS
e 9039y Ol g o )37 ()5 (lon 59—
D5l e S5l Gpae il 4
bl Ulge 9 ) Sl sages (livg) Epae —
Gl plyy Sl g3y 50
bod Oy Glal b s 55 )5 g (S5 15 (slaoyomiy —
5 5 0lsd St i 5l o dim o i (5aS
ol Sylys> Ll
5y (SOl Ol b Al 3 Al ugusme (iile)S -
el 3108 Al wgmone  SASSUS
(5398 9 (x> 4195 o SlSe ugad lg Ol 2> g
M5 (pogune i g 039 ply Sl 93 42 )3

Al o ciwloyw (5] Bpuan oS and o Glis @l
3 ol Glaal shls Sl 5l g 7Y dgas Glgl g
Sl el b oy Ltole S (sl 55 e oS Jlo
sl yb idlS 5 (le) 15 Sy gel oyl ol aibly
2 Sy Ol e gl b e )3 9 Ol
2 3l il slod 5 (31> Slga (slod ] (liuno
Al 3l yiaS 01,8 ol asyd +, 5 6+ ¥ dgis gl L s
o 53 (lggl o 130 055Ul oS Wlodds &l gl (g
855 Gy 1S ppimads sl LI515 claliad 3l
S 5 e 585 332 Sk ol 5> Sl 53
ol (Sl (6l ot s (Siaanl

g0 Olgl Dg3g 4 And o lid Lodly (IS jsboay
g exd olazslo los sl 5 Sl ke 29
9 1 Syl Spae (SUSSE g islayw )b juals
Sl oo A ]y g2 (S tanes

3 9 (SsS S5 Al Buan Jdi £ LY
b

Sl Gpas dlale Olypss (¥ 5 ¥ o o) baylages
U8 5 (Olgl by Sl 9> a3 ]y b 58 4 (S S
Gpan g (G b 5l ) Ol i o Gan Ll
n e o Jgo 3 53 5la ol

(il Gpao g lod 6Vl jlade O Jod>

e olel [ olel o9 Sk
Y& 0,YY Y&,y (Celo g 5lS) 38U 3y
YYYY Y YYYY,Y . (Celw Olg olS) (olisg,
VYV, 0 vYa-,sq (sl &g olS) pr slagyd
YAA -+ YYV,08 (ceelio Ol olS) pitamsesr (Slaaey
ne ey (elo @y obS) lanty (55,
YV),a8 £1,¥Y7 (celw g olS) (35) Liule S
PYYORAA | YPAD-,-Q (cebis Ol oLS) () ialo po
AEAN Y550 (31Kl azy3) lg (slod
YAYO YAAS (3Kl ) (mitniss slod
YVt e o> g i LfL:.) oSke) Slles slos
(oSl a33) (lon
AL WYY (31,5l d3) gy (Slon St gl
—VAY -1a,Y4 (Celos Ol Ko) Sy (Slon Soi
Y,y AR Y (celw le ) (P9 @L;.:b”
¥,5) ¥,5\ (Celw Ol Ko) Ol jupes
A0 +,AD (Celo Cly Ko) (Sl
vy v 31 gl ehrings Sl S
’ ’ (el Oy 1K)
WY,5 Py | el Sl s
(colo s 1Ka)
£y Y0 (ol s 1K) 4l uguims iglo,S
VALY AAAE | (el @l K0) an b ugume talepus
Y Y |91n 35""+Lj“"l94‘w+u§‘”&‘°4’993

Il el QL Loy Sl 93 5 )5 JS (S8l
2gis 0 0a i gl (Bpan Glii oy o
bl 51 a8 S el ok b, lidigy Gy —
ol gl

SyeS iyl Ol b Al o (Sl i (slayd —
oS S5 g s Glaciey S b 3 WS o Bpas
315 6yteS CeluolyshS el gy b >

bl el s Ol b Sl )3 iglo S (s 515 pumo —
o8 Ol g b )3 oA SUS s (Bpae B



V¥ 0 Ol comaom 8)lois ooy 8y5d «(3lw el 5 (S sloxo dugady dolilnd | VY5

Temperatures, Heat Gains and Energy Consumption - Unfitled, Building 1
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Room Electncity (kWh) 38725 k) 396.59 375.96 38725 38530 307.25 39192 38063 38725 380.63 39192
Lighting (k¥Wh) 216.13 187.43 197.43 18461 186.70 170.12 17545 189.06 191.05 20518 207.30 22067
System Fans (kWh) 66167 59764 66167 640.33 661.67 64033 661.67 661.67 64033 661,67 640.33 66167
System Pumps (kWh) 632 874 16.36 ¥4 210 2636 840 2954 21.30 20 1763 948
Auxiliary Energy (KWh) 002 0.00 0.00 000 000 0.00 0.00 000 0.00 0.00 0.00 001
Heating {Gas) (kWWh) 3943 172 0.00 000 000 0.00 0.00 000 0.00 0.00 0.00 2028
Cooling (Electricity) (kWh) 560.33 132315 25772 3016 32 3764 81 446737 4636.99 479555 4302 14 353966 289753 95252
Air Temperature (°C) 2335 24.40 2584 2654 an 2824 2845 2872 28,60 2750 2675 2401
Radiant Temperature ("C) 2449 2588 T 2863 298 3126 3146 3188 nm 3009 29.08 3524
¢ Temperature (°C) 2% 2.4 2678 2158 28.56 275 2% 30.30 3020 287 2792 2462
Outside Dry-Bulb Temperature ('C) 389 4% 1066 16.30 2174 2825 2087 30.07 2590 1779 1142 559
[Extemal Infiltration (kWh) -M71.30 -3108.3 263553 -1689.05 9478 089 259 219.97 42051 -1635.37 -2572.68 -3265.24
Ganaral Lighting (kVWh) 216.13 187.49 197.43 18461 185.70 17012 17545 189.06 191.05 20518 207.30 22067
Computer + Equip (Wh) 38725 35339 396 59 375.96 387.25 385.30 387.25 39192 380 63 38725 380.63 39192
Occupancy {kWh) 78.05 68.21 7204 61.67 69.44 6848 69.43 Tn.mn 67.91 6947 68.77 76.59
Solar Gains Interior Windows (kWWh) 13,80 2096 2538 48 2691 2691 2662 27.86 827 2639 514 18,68
Solar Gains Exterior Windows (kWh) | 10315.63 10696.10 1227549 1399.31 1212043 1213293 11966.20 12785.39 13656.02 1333166 13525.25 995830
Zone Sensible Heating (k¥h) 73025 506.17 369.62 266,89 20635 17207 170.06 179.95 197.58 25584 332.30 650,88
Zone Sensible Cooling (kWh) 557 66 -1592.29 423253 5877.99 -8956.87 12323 52 12757 18 13699 75 1257041 -B460.65 599.26 A013.79
Mach Vent + Nat Vent + Infiltration (ac/h) 064 064 0.63 062 061 0.60 060 060 061 0.62 063 064
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Temperatures, Heat Gains and Energy Consumption - Untitied, Building 1
EnergyPius Output 1Jan- 31 Dec. Monthiy Licensed
[m—Ficom Electichy ((Wh) === Lignting (VWN) e System Fans (AN s Sysem PUmos ((AN) e Auxiety Enargy (1) e Heating (Gas) (6Vin) e Coalng [Eecincity) folin
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10000~
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2002 Teb Mar At May Jun Jul Aug Sep oa Nov Doc
Month
Room Electricity (kWh) 38725 3131 39650 3758 1.5 38530 38725 39192 38063 8725 380 63 391 92
Lighting (KVWh) 21613 187,65 19743 18461 186,82 17091 17641 189.09 19105 20519 2737 22067
System Fans (kWh) 62124 561.12 62124 601.20 62124 60120 62124 62124 £01.20 62124 601.20 62124
System Pumps (kWh) 662 854 u3s 1761 2775 2519 FIRE] 2805 252 2007 1577 165
Auxiliary Energy (kWh) 0.06 002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
Heating (Gas) (kWh) 1133 32.01 118 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6144
Cooling (Electricity) (Wh) 24441 897.97 2219.26 274952 3536.21 425482 441251 453498 399,19 321336 2587.37 61338
Air Temperature (°C) 2245 2355 537 2630 FIAE) 2816 2837 2656 2829 270 2626 a1
Radiant Temperature (*C) 2340 4.7 2697 2an 2958 H10 na nsr nz 23 2826 24.%
Operative Temperature (*C) 29 2416 %617 b1 238 2863 282 3007 A7 2823 2726 283
Outside Dry-Bulb Temperature (*C) 389 4.98 10 66 16.30 174 2625 287 3007 25.90 779 1142
Extemal Infiltration (kWWh) 332251 298497 2559.12 165147 1541 13.00 240,60 24447 374,92 572,60 249724 -3150.79
Genaral Lighting (kWh) 21613 187,65 19743 184 61 186 82 17091 17641 189.09 191.05 20519 20737 22067
Computer + Equip (kWh) 38725 353139 39659 37596 38725 38530 387.25 39192 380 63 38725 380 63 39192
Occupancy (kWh) 8054 70.02 7269 67.80 6944 68.48 6943 70.01 67.91 6950 69.15 T8.48
Solar Gains Interior Windows k¥h) 18.09 18.93 29 279 2524 2548 2507 2573 2551 2380 271 3
Solar Gains Exterior Windaws (kWh) | 9290.63 9497 16 11061.87 10530 56 11530.02 171682 1147604 12046.34 1241474 11850.49 12062.48 9002.50
Zone Sensible Heating (kWh) 824.17 554.31 7573 261.32 197.15 165.04 162.62 169.84 184.29 24370 33205 697.61
Zone Sansible Cooling (kWh) | -238.24 93954 -3325.36 522356 -8473.08 11943.56 12325 67 -13042.84 1151562 -T277.06 4887.91 52248
Mech Vent + Nat Vent + Infiltration (ac/h) 064 064 063 062 061 060 0.60 0.60 060 0.62 063 064
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