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The rapid growth of urbanization, climate change, and constraints on energy
resources have underscored, more than ever, the necessity of developing
buildings with optimized energy consumption, environmental resilience, and the
integration of smart technologies. Despite remarkable progress in artificial
intelligence, the Internet of Things, and Building Information Modeling,
significant challenges remain in the practical integration of these technologies,
the evaluation of their actual performance, and their social acceptance.This
study was conducted with the aim of performing a bibliometric analysis of
global research trends in sustainable, smart, and low-carbon-emission buildings
over the period 2020-2025, in order to identify growth patterns, research fronts,
and scientific linkages among authors and research institutions. The need for
this research lies in the fact that identifying scientific streams and existing gaps
enables more effective direction for future investigations and supportive
policymaking.Data were extracted from the Lens.org database and analyzed
using VOSviewer software (version 1.6.20) to conduct keyword co-occurrence,
citation, and bibliographic coupling analyses. The findings revealed that,
following continuous growth up to 2022, the field of sustainable and smart
buildings has entered a phase of thematic reconfiguration, in which innovative
digital technologies, intelligent energy management, enhancement of quality of
life, and mitigation of environmental impacts have become central areas of
focus. Network analysis indicated the presence of clusters encompassing energy
management and smart systems, performance optimization and simulation,
integration of renewable energy, climate-responsive design, artificial
intelligence applications, smart cities, and life-cycle assessment. Furthermore,
gaps were observed in the full integration of technologies, economic evaluation,
and social acceptance. The results suggest that the future of this field will be
grounded in the convergence of technology, policy, and the social sciences, and
that by developing dynamic assessment frameworks, the path toward achieving
self-sufficient, resilient, and climate-adaptive buildings can be accelerated,
ultimately contributing to a sustainable environment.
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EXTENDED ABSTRACT

Introduction

The building sector, as a pivotal component of the built environment, plays a decisive role in meeting
functional and comfort needs while influencing global energy consumption, resource use, urban
environmental quality, and socio-economic development patterns (Soltani, 2016; Mahdinejad &
Asadpour, 2019; Asadpour et al., 2024a, 2024b; Shirdel et al., 2025a, 2025b). Rapid urbanization,
population growth, and lifestyle shifts have intensified demand for diverse building spaces, placing
pressure on infrastructure and substantially increasing energy use, resource exploitation, and pollutant
emissions. These trends exacerbate biodiversity loss, ecosystem degradation, and climate change
(Beladi & Yunusa-Kaltungo, 2025; Asadpour & Habibi, 2015), revealing the inadequacy of traditional
planning and construction models (Asadpour et al., 2016). Integrating smart technologies—such as
automated energy management systems, environmental sensors, and consumption data analytics—
offers promising pathways for reducing greenhouse gas emissions and enhancing occupant well-being
(Gonzalez-Briones et al., 2018). This potential is particularly salient in sustainable and net-zero energy
buildings, which bridge occupant comfort, social responsibility, and sustainable development (Dwaikat
& Ali, 2016).

Materials and methods

This study conducts a scientometric analysis of global research on sustainable buildings, emphasizing
the integration of smart technologies for energy management, quality of life improvement, and
environmental impact reduction. Recognizing net-zero and energy-positive buildings as pivotal in
addressing climate change, it maps scientific developments from 1950 to 2025. A total of 1,570
English-language publications (2020-2025) in the field of architecture—comprising research articles,
reviews, and conference papers—were retrieved from the Lens.org database. Themes included smart
design, energy optimization, intelligent management systems, indoor environmental quality, and carbon
reduction. Manual data cleaning ensured accuracy and consistency. Using VOSviewer (v.1.6.20), the
study generated knowledge maps, identified collaboration networks, and analyzed keyword
co-occurrences and co-citation patterns. Results reveal key emerging topics, core technologies, and
geographic and institutional linkages shaping the field, offering insights to advance scientific
cooperation and practical strategies for sustainable, technology-integrated building design.

Results and discussion

The scientometric analysis of publications between 2020 and 2026 reveals a clear growth—decline
pattern. Scientific production began moderately in 2020, increased substantially in 2021, and peaked in
2022 with over 420 documents. The subsequent drop in 2023 to about 270 outputs was followed by a
slight recovery in 2024, while 2025-2026 show reduced figures—Ilikely due to incomplete database
indexing. Throughout this period, journal articles remained dominant, conference papers held a notable
secondary share, and preprints contributed modestly during peak years. Source analysis shows
Sustainability, Energies, and Buildings as the top three journals, jointly capturing the highest visibility
and output share. Other outlets displayed more specialized and dispersed publication patterns.
Authorship network mapping identified 75 prolific researchers within a highly interconnected cluster,
reflecting intensive collaboration and thematic alignment. Citation and bibliographic coupling mapping
revealed major clusters around smart energy management, building performance optimization,
renewable integration, and climate-responsive design, with bridging themes in Al applications,
life-cycle assessment, and urban smart policy. High-impact articles act as central hubs, linking
technical, environmental, and policy domains. The dense connectivity and interdisciplinary integration
observed suggest that smart, sustainable building research has reached a state of scientific maturity,
with strong collaborative frameworks. Identified clusters and network structures highlight targeted
pathways for innovation, bridge knowledge gaps, and support policy and practical strategies for
advancing energy efficiency, environmental performance, and quality of life in the built environment.

Conclusion

The field of sustainable and smart buildings has rapidly advanced alongside Al, 10T, and renewable
energy, forming a new paradigm in architecture and urbanism. Bibliometric findings show global
expansion in scope and conceptual overlap, with research centered on smart energy management,
quality of life, and environmental impact reduction. Key gaps remain in large-scale integration of BIM,
0T, and Al, economic policies, user acceptance, resilience to climate extremes, and comprehensive
performance evaluation. Future research priorities include Al-driven energy optimization, green finance
models, user-building interaction studies, resilient self-sufficient design, continuous performance
monitoring, cross-cultural best-practice transfer, and circular-economy material lifecycle strategies.

74



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

Sy § dando 9ole Ol dlxo oo
¥ o loud Y ¢ Wl
FANPAYA
Jornal Homepage:www.iess.ir Knowledge Based Company
2645-520X : Swig oS sl 2588-6851 : ol> LS (PUBLISHERS)

PLED] 3 35 50d LYo T¥O=Y+¥+) bl s ld i &Sha Vg, Suw OUS Julodi
cshatroCunn § O 31 (B g (5355 CudaS 9t ¢85 Cut pie 45 dowiigh (5l g 59l

" s e

'CJI)?.‘ ‘OI)Q(? (gl I oKy ‘d)’Lu).g(J‘: 9 d)l.o..tn 04831y &d)Lo.xA os)f—\’“'e
amirshirdel6645930@gmail.com : s ssiusg Juesl”

oA

Al OleYb!

6291 5551 st Bpae b oozl dmogs )95 5] aulie Cadgaoes 5 ponldl Ot ¢ il e ol 0
ohsp slboje )3 ySade Gl iy g b sl 03,5 KT iy Jl e |y dadgn (sla)glid 5l 55000 9 Slame
oot ol las (bt ks 53 s cille plizman slatibs A (gilois 5 L3l 3yl ogias
Slidss Slea By SrwolS Jlos Gua b iegh ol ol sile (3L bl cleas! 5k g sBly 5,Slae b))
w5y el b ad plol Yo¥O b YoYe Sloj ojl o ey jliml s j1 3o 5 diaden ol (claplable digej 5
ool o 3 adlllas oyl sl 98 395 (i Gl 3S1p0 9 (B simss) o oole Slodisn 9 (odimgly sloygne
ly b b Sl 5 ST Cligios 4 gaal)l5 adcas el ogrge IS 5 ode sbobyp ololis &
sl o (1,5 ass) VOSVIEWET jl53ls 5 5l oolitul b ¢ glysciwl LENS.OMG olL 51 osls 4l o w2l
Co o ¢4J|)9193 Jlowd slagyglid Oi &S Canl ors Eydg0 malaiisls 5! dldb),e >)|5 Haibgd g )lJ...:.lg: sl ozl
LS oo wilanis Ju o ol sloyge 4 (Jaowecan) @l gl ials 5 (S6; cudS @)l (g5l Kaden
s Gy pl plesl o Sloe (iluand g (giludinge Wiodgn Glapiusws 5 G55l Copte Jold olaades Silo
o il )LSs 53 (oSS (pizmen Cunl joe &3 g2 L) g Medgr b qgtan Sigr 3 ceuldl (Slib
cd)ﬁhﬂ ULA u.:l)io.lb » o)9> U)I oJ.uT DD (0 ULA.\J meb A o liie Ls.s‘—l.o.o] u»);.)u 9 Lg.)lamﬁl LS'JL’))l thbd)9L..9
@bl 4 oliwd je Glgie by (L)) Slaog )l g b g 09 el gl Sluil pole 5 ()15l

28l Cuwd Jloly s bme g 38 ol |y Bl L85l 5 4l disogs

o go

VEF/ 510
(6,555k )b
AARAVRTIARN
(bl )b
VE¥/eVY/-Y

g\ Wa] @)U
AR TRA/AK

HE 05‘9 .A..A‘JS
Gl (5ylese
Modigh (59l3

(85 e
SN CutsS

DOI: 10.22034/jess.2025.544659.2400

LY o ol Ll 2y

VoS5V


http://www.jess.ir:Jornal

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

Aoddo— )

o jtmggy 6,mly slocaglyl J| (o 4 3l sloJlo )3 ] Sl el $3e sloylSal) 4 (ot 5 (G55 Bpan 3 2 4iy0
International ) (51 Mol ousliT (25155 (bl o oS laidlo Gisw )3 ohgd sl ok had Ik dswg (slacslus o
i il g a5l 5l Ao )3 YV g (6559 B yme JS 5l aiopd Yo g0 les b > (ENErgy Agency, 2023
Soltani, ) cusl we 3 FY 5l i e ol olpl Cgomed dnw g Jlo 55 slaygiS )3 g wmd oo (olais] 398 4 1y opyS Sl
gl g« tumen Oy o wdd o a3l K9y b ol e 1B puae pae ol (ASADPOUN, 2019 & 2016; Mahdinejad
Asadpour et al., 20248, ) cus 05,5 luizgd |y bobaslo cylpong g (b 3 o bo | 65550 Sygpd o SH; L
CuiS il lulxlS b5 Ll il5dl dles j Jasecou clasoly (2024b; Shirdel et al., 2025a, 2025b
ST LSy g ol slo3,Syg) Coanl ¢ olazrl 5 (galatdl gl olam 4y (UNEP, 2022) lapiuus 581 codls 13005 ¢ dgo
g b il (o5l clie g eloin] Clgtnn b gamen aSh aims )l 1y 6550 (o)) Loy 45 487 ol 1S g sl s lus
(Net Zero Energy (5, yio clopleslow? calS jome dw (g5lwdn LS 13 (¢ loline B cailjolid (gl i
(Smart Grid we—sgn 4 b (55l LS» Buildings - NZEB)» (Kathirgamanathan et al., 2021)
(Life Cycle Assessment - e a5 > ob;,» 4 Integration)» (Bahramian, & Yetilmezsoy., 2020)
ke b il95 3 iy ()bl gals dw opl 313 D939 b Gl ojg> ks s LCA)» (Cabeza et al., 2014)
S IS ety Sl o)l s (3n 4ed bk Copde (sl dinge 5 s 9 S Ve Bpan &) Cund 5551 Mg
olatls iz S ol 8 Gl g il )3l (ilers dnw 8 (sl 208 s Bl o] S 3 g G 3 p05 (el jos
Mahdinejad et al., 2020D, ) laoau VT )il g (65,5 B yno p3 pKicw e 9« souldl (SS|y cggito slacs )8 L
Plas jl osliiwl wiodgn slhb jl a5 cwl aogns by, Kal, 2ol (Asadpour, 2014 & 2020c; Asadpour
lazdl by 5edio g M slacsyl i mwlw b (55 Cupto pg bbb 3 (Mahdinejad, 2024; Shirdel) ;s
Vasilakopoulou, & Gonzalez-Briones et al., 2018; Hafez et al., 2023; Santamouris) s, , ,» 1,
Zhang et al., 2019; International Energy Agency, ) kb 5 oWl g (oloyeiS 3340 slaa oo (2021
2 S o Jutund |y BpuannS (slasygld (5l ( Jlo slaguin b dil S s Sladlo s oS 5 a8 cunl ool jlis (2018
ZNa0 ) 345 o Bpany bl @ (Siwsly polts cel o))yl dlos jl daw ¢ Jlo )3 (gloygiS 5  Sinlon oyl oluid o5 Jbs
Asadpour, 2019; Rahaee et al., 2024; Espino-Gonzalez et al., 2024; & etal., 2015; Mahdinejad
Hafez et al., 2023; Mahdinejad et al., 2024; Pisello, ) v-Ya L ¥-¥+ ojb (sl a9 o, (Pisello, 2017
Slalllae el )3 join o 45 o mols ulow g ol b 55k (b e o2 slas,gld Wgn p 38 500 &5 amd o lis (2017
Yu, 2018; Di & Kim) aswgi Jb ;5 g aidbanw s slayguiS lo 39390 (slacglis Lilow ] st Gie lojod yobods
5 bcudgioe b cow Lo 1l 65l (i) sl o5l | 45 cun | culy ol S5k 50 (FOQQIa, 2018; Ma et al., 2019
el s)lone 0jo> 53 ba gl Jo0 yw? 13948 (o0 oyl (i (3855 (970 ey oy (l 3 Ngd (g (oom slacus 58
039 495 VoYO LV-V+ o5l )3 (aeaciun Gl (EalS 5 ((S055 CusS d9a o655l Cappdo 3 diadgn slagsyglid plesl
oorde Sabsd (ololid piline iwy cpl & gl Cwl lolid BB ojo (ol (Friwple 428 ) (5)9e (pelae 42 9 Cunl
ol 5l clasSl o 3 5 55l sho plalo Glual Giog ) wad 90 slagygld (B Julo dag] ol Laly 5 S
Bl Al B 9038 p ) 39250 B Wl o &S (6309w | (od pofy Sapbz 2l b 2lSen e 2Ly 9 (Hellow
o3 @l ol olul glees)ly ilees: sl

Gaod el (g =Y
Loy (sbasyold plesl yofag 33505 L )l slagledlo ojo> 13 (imog Sk ladiy) (Priwple Jlod Baa b (iagh ol
5 a5 5 b 5,Sag, ol e ok Ll g sl emaciun; ol LIS g ol LS5 i ) qsiyl Copde
2 ol OVl gl (gpgai 30 I (el e b ablie )3 g0lS sla S, Glgiea (51 o lagleisle oSl
«(5)913,5 1953 Sloj 0jb )3 osid yiitie Clalllas S byl 4y ol (ly amd L YoYDL YYe Sloj gojb (b oje oyl
(S5 Cape Niadgn ot (555l Bpas iludisr iadgn (Hhb wile (IS (2990 Srojex wlul g (B3l
by slaig) ol S5y pelie (alulid Bun b oxiwple Julod a8 caldl )3 0545 (aipainn ()8 (il g Gy lamo CuS

VoS5Y



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

Lens ol ool 5 Limgh (slaodly Lab al o ysuiS 5 Cluwwo o) Sidghs o ole (6)K0n slasSl g (g)970 (sl 5,5l
Plhbea 5 ele @Yle (goliwl (sbrodls o ol (Mol pdass )3 yuime g 5o 03 yinS mio S 0Kl ol 00,5 sl
Sxp 5> LENS gole gy amd oo sy sl (gilone gl (slags) il cumjlame qqwie pole (52 (alooje>
Sk g 55 0je Primple lagiagh ) wle ek | (S @ Ty Gl oldlie oS g (egsge gt ele oLl
)5kl B )3 5 )els,S YU jliel ¢ obde «dd b slaosl b cals wald 1) oSl cpl LENS Clswsl .l 03,5 Jias
ol 3,8 alos g ila, (VY ascus) VOSVIEWET jle 5 5l eoliul b saisz] ysciul (sbaodls .39 4yt (o Judos oslel
ol by e psboas coaliulen sladign 5 SBSlgen (lolid (g)lSon (sloaSud Jlow ¢ il (laddd waw 5 cabB L )18l 5
wole oladsis sbl 4l VOSviewer Slesimes cpl ) 05k oo JESARIUPIWLS lunwho g g iy (gloyguiS o) K3y ko
w2 g Sl glaw 0 b ciedgr (lac)ld 5 )luk clagladle oje (pline )il b d olitul (08 wealie (ganadss
il odly (o5lcSl 3,500, b oniz] ol (sladyeSy ads da oo SIET 5 i 9 oledjl Julos g sy yobods «sldilaie
P! B 2 Sluwho 9 Bt sl pb (g5l luilin] 5 00lalyd 13 34350 (slallad pusral o 6)])S5 3)l50 Bls ol dlsyo ol 50
S5 game 4y Sy 5l 5 48 plosl GYa 03ldS 5 00:Se (i (loald (Slue 2 g2 g 355 (el gl W5k bl § o
(850 oilwaiame 5 2L g e slaojlgals LS 0 1) «uiadsn ladlo? 9 € lul ladlod pualie a5 A 48,5 om0 (S 5
azols ial38l (gl .c8)S o 0 (65l Cute 5y sl leid e drwgl g Cang ) bane ¢ SN CutsS (05l Miadad Cuyide
JolS does o (S0 do i A 93 9Cus by (gdield U WAl a3 S ) & 58 dmepd GlbbMasl g JBSly sl Jolke

D9 o )l dold] 1> g g Al (]
("sustainable building” OR "green building” OR "smart building™ OR "intelligent building™ OR
"zero energy building™” OR "net zero energy building” OR "positive energy building” OR "low
carbon building” OR "energy efficient building”) AND ("smart technology” OR "smart
system” OR 10T OR "Internet of Things" OR "building automation™ OR "energy management
system” OR "BEMS") AND ("energy management™ OR "energy optimization" OR "energy
efficiency” OR "demand response” OR "energy monitoring" OR "renewable energy") AND
("quality of life" OR "indoor environmental quality” OR "thermal comfort” OR "visual
comfort” OR "indoor air quality”) AND ("environmental impact” OR "carbon emission” OR

"greenhouse gas" OR “climate change mitigation” OR "sustainable development” OR
"environmental sustainability")

Yo Jols o 051 485 41,8 Ly 350 Lens Fd 50 (gilare (pnasd 0 g b (Sl o s badd yimgh pl D picxed
b (syloxo 059> 5l G)l& ‘d)\)i.'s’ e Sl J.olf SleMb| 09N Slewl o oI Jbesl oss C)Jan sl o}‘b.&.lf 9 SRy Slaal
b cd S jIE oy ayee )L, g JBlas Slwol b ojlgdls” cofgnd 4 ‘,\.\il)e ol 0,8 Bls ladye glaojlgals adls
b (Bl 75 5 ooll (liwlpn ladlod ((Sximg ob Jlod pizmen Nigd (glolid )15 (slaojen 5 (oline (slagSl]
Sliwl As U Fv alald b pguod oliwly 5 diwd &Yl 35,05 i Sl ol bl s pldl sl Ve JBlas alew]
Cyguo pondS BB o ;0 baddss ojlul baas 5l luebsl 5 o 655 Cupie g lul sl laidlo o> dlie Gllllas y> ol yi,l55

W8S 18 e Al g (SrawolS sla Jlod sloe _\..sl)s ol 3l ool lscs 8

=W -y
Pkowdgd (S (6)0U8 g jlul b Glaidlw 09> 3 5 35150 g iy, cpilio gola oy @

sy B o i Mw g5 olwl p [y YeYE LYY la Juo alold ;5 o pisio sole bl dlisd Kg) jlages cpl ) poad illas
5,5 Iy (glalas Mo blE sy YoV Jlo p g 05 5el bawgio oz LYYe Jlo 3 ale Wg oS cul o] 5 (Sl jhbges S5 IS5
5l sl 0358 yaue 3550 ¥+ 510 5l Sl ol ) 00 puiistio Dl liw &S (g9l iy 395 zgl a4 VoYY Jlo j0 coles 0 g
Jbo 4 Cnd YoVF Jlo 30 (Jb ol b oty oo 350 YV D90 dy slwl pox 9 395 o0 0400 wgmuzmo LidlS YVY Jlo 43 oSy oy
Al ot gydigy 0 lgd (ALY YE 5 VYO sla Sl 10 500,55 by doldl Liol38] Mgy cpl (Jg 9 oo s livo 20y (SNl |3
ol 0 eddosaline cal plplly csl ouis JolS 5o Cunl (San V5 g Vo YO (gly odlatol 550 osSL (slaodly a8 cuils Jlas j3 b

V-55Y


http://lens.org/

Document Count

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

ol gt 5 25,10 ol plas )3 1y e oyt (JUyg5 SVl s 55 4155 Sl sale 15 a8l (1lS (sline 4 Log) Lo JLs
S5 e 425 ol Gy )1 il gl sy Jlo 53 0594 k2 F BB e 3 (il )15 SV e i3 o S5 ) 51905
Aol L t‘yl )JL» 9 ULS dLmJAa.‘B eLhuLS (e .JJ)L) P gee 6)9@ Y¥Y L Y-V 0)9d 4 Lol cilools uol»a.»l 395 4 1)
b o1 Cplcan] oamlin LB XVY 5 YoV i olinly o le 5 Bies 5 355 jlus b 3)l55 b basbbl doallisp
3 T ode (laosgn oS g ynby Olegidge 4 dag Llidl Wl cou Ylazsl Y-¥Y b Y-Y- 0)9 adol Wb, oS amd o
uJLo é}l.uo w.)g.)m L:»‘ u_whj): dlﬁw;ﬂ ).‘.uu s&}.o}a w &Lwal )l u_w'.) ..\J‘yL;o Y.VY JL.\) )1 = cdl el 0.39.) Lg; U|)9'>
sladilos plol sl 093 (nl 2 35505 03l cnl > 3w g8 YL g9t 9 VoVF BVYe (slaodls (39) 5 oS &) 25 L il
M0l ¥ poal sy cpitron.ddl 4Ll olyen 4y o SIS LB 5 5385 ol Wl o il Lol sl zlsuwl 5 (riwele
gy paad @8y 10 g o i el il (slaodls Lulul 1) calisee Moo )3 ouid o ool dliwl slaws  SuiSTy, saiadl )
Gl dome aw o cul G GbS Wi Kg) (g S e elid GiS E90ge b base 0 3 Ll e
Hlosls jolaisl dg3 4y S5 @lio le 13 1y waew cpyide s pSedds yobas Buildings 5 Energies Sustainability
Lissl ) 1y Lol (i85 opglie plo 4 Cund asuie (B3] L g ) 18 jas )3 aiw YA« 390 L Sustainability alx.
5 aiw £+ 3900 L BUHAINGS pgus 45, )3 9 2w VF+ 51 i L ENEIQIES alo o 51 s 08 o o] 0jgn o) (sla g
Moo ol )3y 09,5 ol 5 dncanl Cblo gy g (asLi @i duw ol 5> badly jLisl  oliie GV 35 a5 odims lis o5 wlasd §
Zemode (CERN European Building Simulation .s,ls )5 w8+ 1 a8 o ,s5 (x50ke g dlas Mo b8 alold L
Scientific Reports , Heliyon (EEE Access \ ol,.» Saraswati (Sriwijaya and) , Organization)
3 sy b e > (g FouiSTy US54y gy ol o] Sike i ol )3 g e o JSU ) degezme ol Sl i
b Moo c)b}oj Sl i0u D.ed o i Naubgr (sl gy0lid g leidle (gilwand ( Jaore pole ( wlize (panast M
Environmental Development Smart Cities Applied SCIENCES wsls wigd o 045 s ¥ jl 28 il slaws
ol W3 e lpes wdige g cliadioh o o jlae (slbdis 4 jidw oS pawss mbe ple o @Nd Sustainability
oo 3 )il (gl ) Seingy Madam Ol b g aalllan 3,90 9090 2 Mool yiaS 38 a5 4Lt Vgano )it 51 5ol eas
dw bl ode Q3L cp it b aMore 38005 B ST a5 s o )l g0 jlid b ¢ IS jabods cunl Fodins Cloloee dials b
YL a s 4 s & yal oyl 3l 1y Ve HLisl s el > Lol oSl Buildings 4 Energies Sustainability alsx.
K yb 35 OMore b ol (ol e (eoliw] ol o pglie cpl abdinlis o b 0je> (S0ywS o 4 &b Ll
o5g 4 edidly asly Aﬁ)lf P Cleasss b pamss oYlie dl).g JoSo égt.n O|9.:.cd..g J..u‘yu.o Lol 5,5 )])5 Sowb clag, o

bl g diaden 0o (glaid e ladis (b b (ol ele dxels 4 owyiwd «Bun 45T (40)lge 1

14
120 300-
€
3
o
£
E  200-
s
]
(=1
=0 5
- , —
E - 2020 2021 2022 2023 2024 2025 2026
g “ Date Published Sort
Document Type
Book Book Chapter [l Conference Proceedings Article
Dissertation Editorial Journal Article
Journal lssue M Other M Preprint
M Report
Source Title Exact
(VAR +Y + YD) L awin ol p2 o 3535 Y ot (Fo YooY ¥D) sloj 535 55 ool 6T lust g ¥lin @399 ) yugoad

o yid 9 A1 o gt Sl — gt 55 g 5Ll gyl bl 2 |y slitsly ole BT @5 eddall Jlages F g 4 gl

O aodly Ly IS o pgear 4 skl slusi g baols o511 oyl 511, byl (o)l 8l s lojad g a3 o L lj a2

> Ul o b jaslds Sl ais ohad fcuwl ol &y Sloj ol slanl (sla Juo jd Vb sliwol b co¥lie o150 oy dad 0
V550



Document Count

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

SVl 1 j o)y Sl pa sele 6] pee a8 > cunlo b 631 cpl blosds pisie adlllas 390  Sloj 0,93 blgl 5 Baas a8 slizwl Ve oo
513 3939 93y N5 uE g 3T o yod b onds e 6T calatio oyl 50 ilanily sliwl Cdl,d g hdesd (gl (g ydn loj S send
el b3L il s ol jlasl HIKT coje ko a8 wiyly skl ool 593 VYl e 3 (6 ytiian aow S (awyiwd BT Lol
bzl b )BT jlos L2alS cline & & 5500 SasS LS jsbay ol ojllojly leai] 5 e (gl s Canns 4 &S > L i
> BB ol oS ite yd Wildtuiley dyas ls @Yo 51 (olass Lt Sl 05 0 005> olaliziwl audl .ol YU Hluw
golaw 50 bl o515 Jb e )3 03l ol 9090 (6)98 gy b i ¢ (9 y5abg) 02imOLES Sl (S o S Ly
1 o] ale Iy Sy Ll sl 25 (8l Sl g ol 8 <ol il ] g 43 o Szl 0l
Sl o i el el 00yt ALBIS &y s i3] sl Sl 53 W s Lol el gy Loy (loj jgmee S 3 351 sy
S wims o S5 1) sbawly H61 5 s lomen 55 051 e BT sl ol [Lis] con 4 Baiangs 9 o))y 3,504, Jooo ailis
oS ol ¢ omple jate s e il (Y Sl 4 ol wild i 1 sl e HBT L cols) )3 sy ey 4
] e g cslio alome QUS]« ale b oS 5 Coadl gm0 i |y ole ()38 g il Jae plof o Alady g3
0L piitie Jiaw Vo b gy (y9ld g pole oSt a5 smd o Lis ¥ pguad gy a8 o 20l 1) Loode QUL STos 4 oliaws 5
o Gy Sglo g5 oKl § iy o oI (] 5 w3yl STy plo b g b alols 5 3l 18 conss olSols )
lad, ;o s A L €5 oIy g diw A L €lgp s oSl .55 Hled] 1o S e jobay 1y pga oSl i Vo b plas”
o5l ¢ «gll 8 oKy caals] d el wiw AL plp 35 € ISy i)Y o olRiales I (el dlaws ol g wilas 5 )5 cam
I3 S o 5D diw £ L €3S oKy 5 ol oK ] 5l e g Wled,S e s VA8 pa €SS i S5 L
Slygd» cawyid ol Gisu 45 ile3,S Jail ]y (am ol i B L « K Sgn olRuislo» 5 « Mo SisS L ooy .5l
6ol b o 00D Lw ¥ g D B b iy Kawdld ole Clidos Lo S50 5 € agin Slail oKl «Uky) cligss Lo
gk 3S1ye g WolSaily Sl (g3g40te Sl S jete (oo ysbods (y 3y90 0jg> > W g5 &5 3o (LS Sl @8 (IS
(2bo)l STy &5 G54 Vb (ol 45 (rizren )03 3529 3150 pod gaw 9 5 ol (p (ely Al g Canl g iy
Sl oje gladyuz g Mallom conle Sl glailaie £95 cul Wl 9d i 55010 Ghe > (Sob sl 5 (bl
o ole slosis, olan 5 155 > Slye ) e 15 J sl Sl sz 53 SISl b 3505 k8] el o 2550

..\AJUA

1,100
is 1,001
18 0
14 B0
£
12 = T00
5 (v
=
10 >
= 600
=
8 =3
5 s
w
o
£ o
=} 400
5
.
300
20C

s ¥ "~
Vo Tl SRPIR 20 2 ¥y
e o 3 R oo s sain o st
April  October April  October April  October April  October  April  Octobe

er  April

Curtin University-

Date Published

Open Access

Consiglio Nazionale delle Ricerche

Citing Scholarly Works

®0 . 500 . 1,000
Institution Name

(Y44+-Y+Y0) P ST )3 bl Mgl Curd g pgas (YoVe-Y+Y0D) W g wlw! o SLiwl g uol.c)lﬂ—\”ﬁsm.?

Non-0A Open Access

£

Lawrence Berkeley National Laborat...

iowdgh (g (559U g 4laaly (gL (yloid L 295 45 Ml (5, 0n sl @
€Ol g 55 Judod asly g ol Qlasl € Baiwg (6)Kea» Llod o ol dlsyo )0 conl 0ud 1ol dls joddls 1o &g 4
odin g5y &S Cunl ol Jleb € JolS" (55ledd 4l 5 bkl (g (sl D9d (o) KRS (e (6)Sed aSud sl T ol

V555



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)
3 i b ol cpiomen 98 o dlie 15 sluss 4 dtanly odiwn g5 ya whew 4SST 9 S oo Ld JolS &g dllio a3,
Syl JBlas sluas dilial s als yo 305 5 585 oo guls g 3guis Blypt Eold Hlod ol aSus b Slonds (s odiuyg YO
Slituol &bl g o Judo 3,15 wiled S e s ¥ Blas oS SBuiangs baid m (] oad maaS Y e (gg, odiungs p (slp
kb 5l ey a3 S5 Laine BT oS a5 L g oS Jlas! laaliwl dlass olel y 3ga5te 45 Line ) 4 il 43 )5 )15 Jauo
Ja.l?o LS‘)J. u@wy i cdold] ).)..\QIO..\.JB u‘.?u.:l JA.LN dlﬁ 9 Slazsls ]) f:)y )L:m 0w ¢ Yo L?(-’ RWWEY YVYYY ULA )‘ ‘O.))f
A8 o dnloo |y 5,305 b B g5 bls,l S @,08 Jl58le 5 ol osd LSts (¢ Kon a8 la gyl lie g 033le ol 4a5 VO o
&S 4 Ak &S Cunl OT b mliied o o3l Olsled o bl 4 o (55en sladigy O ki b Bl gl L.;Lg) 9
.Cm:LmOT O 00 yiuS sole &S 9 b3, )i:L.» o,’.\ &S 355 )|)§ SHj ddbg> S g QKM? )51 A2 o oyl l OB No g oy
@ Baas Lole il 5 WIAls aalusy 5 poiuns £)San abul) 055> o1l s 45 amd o L5 ol (pr asie gl
l;. u)'b ulw 9 UL?"\'“W?J JS\M» u)l)io.m OMAULM WSI)...A 9 J.>]9 M9> A.S} .)3.>9 Ll ol f:l&ul JW 9 6&9; C_'))?.Aﬂ
S g S e )Ll & YU bloS ale oo sl Ol Ysano (2680 iz ol gy (sloog)S (e o JISAT (gainidad
Cge Nl e aSud £95 nl (omen D9d e (B9 CudeS )l g GBI @y 28 jludise 395 & Cul ele (b3l slaass
Laign (ol jlaidlo U.'{LJLLM 0)9> 3d quaJlu,u &Ko s a5l 9 ‘)lﬂ d)lf),}b' 9 bzl O‘.{.:L.a u»l)_e\ oo Jlas! s s

Al b g

cudomKii¥a phok

lengisun
khemowhceng
sothigh sot
otdaiy hor
eeeee vyl e m sunieAgpnay

sievriigh va

molly rasipa piseth

sovanraiy meng
yiheag@ichea

chey vithgiga cricath

putheadggh chan

menghggng lim

pichboginey an

kimsotieung

suysollin uth

rothyigal 1o

chanmalars vat

mardyi§areun

teksigptang

rati@sry

limdagig mok

hang khgang ung

(FoX oY e¥D) diowigh s (5508 5 by (6l (yloiblw 0595 10 B dhmngh (AU o 4 —0 yo gaas
FE P (ARAgS 9 (S jlond JWlou @
plo Lo sy 5 € o g8y oo 4ty S sl L VOSVIEWET Jljdlp 5 15 laeSlgals’ o gbgen Jioo 4l &V o # jyglas 3sllae
D9 4,5 L35 )3 ol g dy diw <5 3 03lslS S LS5 5Ly b sl 00l el JalS 5 )led s, g 00 JETC Laojlenls
o3lgnals ol 5138l 5 5 by oyl dlg 0519aulS Vo 31ass co3lganls YOV o 51 &8 05 end 5l 0 03lelS 2 S5 Bl aleas]
aSCude Canol 48,5 IS5 sl > Waojlaalls” ooldiwl  Slojem g (olize Glbli)l yulwl p ddgd 12 aS 00,8 pawdl Sodge dds> A &)
ole Sl e Jj late slojg SSbles Sy o8 assl 3T |y ol adgs catn g cnl )3 Wejlsds (s

cslreCans j llas Mo ¢ S8 C;Lol}]l (ony slagysld Mgn 5l col> ERpa oD JIRg (YR PES Q.;J o Lasbgd g )L\g.l.i sl lois b
S o &8l g ol sl ol 5

Vo EFY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

(YoVe-Yevd) dionigr (s (5,9L8 g ylasl g ol 0595 45 (B UMiulS (igm @ Juodi 13 ouwd ot bl (Ladg0 (LAY (gaisdiand —) Joi>

. e ' ) 8 ylowd
Agh 55 o3 e o 5l 8515 S o ailgo
T
Sildre @l M ¢ iwple Lulss ¢ (Al) Leguns jboa
bl 3,Sles (SN « (BIM) slazs b cleMb|
b Jtows dL"’d)BT? & Ren S i (3o (6L lwgcdls o uid > dladl 9 Jluowd sl g)olid
>Sles sl g oyl Cilual (ICT)cbls) 5 wleMbl (¢)gls ¢ g5, oo slapletlo ) yoly \
b o Lus owile 6,500 (10T) sl o i) e ygl g s lio s b
(Sl adign A ciaded b Wiesigr (lasslw
S5l8 ol dnngs
L L ‘OLQ;&L» d}}jl Co plo m.)l.)oMf L (EGurs yigd )
5 &l Caypde (gilwdin e . , Silwa Sy
] Gilwe 3 Glwgcd b Caivo ¢ laidlo CleMbl gjludie )
S5 Gkl el 3 Slae o et e e e b g slogsysld
(S)f‘)MuL"'b‘“’ ‘Lle Qu)wl ‘d))JI)L\ScLS))JI A
sladilelo 5 92l slacs)gld 5 S5 Gt
. S5 i PAVNIY S d[o;&lw o S s(NZEB)
Aowigh Ol
Kobod S cdiowigd dSud (oo
Silodie b (odldl Jluwe gy e o g .
L a3l e3Pl Gpae (oS Ll ol eldl Clpess QL5 (ouldl )k
5 Solore ) S35l x50 . T AT - - ¥
Ik dross 50 il (Sl bl pdydios 55
Sxd 2l
5 okl 13 51 oz ezl Ml gjludis (el 6551 600 o
e s . ] 5 & sl
lyyome Je olad S, (Silwand ( B lod cuaS (S s ‘(BlM) \ Lo ¥
et lo 5 Slas dgus g yiomiw Jae wiie S« LEEDS st Sl

9 2 pde oyl plol o )
S35 Cape 55l s pplanl Lol 4 0555wl il adigr Cy e
I hmacanj glajbas TR SIS SR @l 51 Kadgr oy 5

o Loss . s &2 byl (B e CobS G sl sos 432 2Lyl
Ot le yas 45>

Sl 5 (SN cuaS () ; 3 . - ‘ , .
il N (890l (SN CudS wabatls boxe (oouas Ghan o) 5 pg slasslis s
2E R RS ool (65 B lamociuny; Sl 51 tals ]
o9 slagygld
B dame bl b (g lwaige Sadgn cbesloy;
. . sbesloy;
5@ ohiby Gk HVAC b giages ccslad Sl v

oel8l S wadgn claailols el I

lsd 3 S byl i
b leid b (gl CBlaal &

s 6550 @l o 655l mlie A

9 (Priwpls 3 0358 3l g ok oGl o sl gl (pbosle 2 GiBgRh cnl 2 (pose laades (S oS 350,
3 i laylisle 46&s & 1S o s (Whitley, 2000) «pole claisl g 6,58 olojld aylas )y e wlibdnsls
Ol b 48 e wald g2yl (KUDN, 1970) «oalblly oo o803 aiiS oy b g Conts S S5 Lol (glaoj
(Burt, 2004) « ¢,z lo (claoyisd 4 ks ¢ pimman 5,5 slolis joabog b 58 claojen 0rdcwd cladind slgica | laasgs
Jos Jits (sboojox o b ploisa Wlg5 oo 30y 9 5o S Glipl (B 5%e oS W30 i ele claaSid oo 5
gl cpl S o SeS (6y9l95 5 o] b ya (callS blas lolis 0 55 (Leydesdorff, 2007) « ¢ 5 po o iomiw a8
g Sl laools 5 gls8 slaced s 5 o)l bl ¢ sogpdo loarY g &) (5)lol So)l3S 51 51,5 bad s los L5950
Yl bt Slakign § SBTly o515 &S ole tuiad e JSB ) 4SS (i atn Vg ) laadsd & aad e (LS b
&5 4 (10T) sl o ) (BIM) plasslo cleMbl (5ludie 15le Jluoud slayglé p 35505 L) adgd 0yl 15 565 s
Colin 1y (5l oplabl oje 1> S59eisS (gl (ol o ot sz slatdl 5 (olul (g oslio olyon 4 (ile
il g diowign 485w b (gjlwde LSS (6553l (ilopdd polic b 1) bagygld opl e85 g ol )] JoSo 35 ¥ ddigd 08 o
wole il S8 bl lgeas WhHItleY a ks 5 a8 asn Jlub il (cladinn )b diged ddgs ¢5 ol ddd oo Ligw 5 Slas

V-S5A



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

5 oall olaly Ng 2 35 eke ¥ adgn i)l € Lyl P Cubge & A5 LB S 9 T slaadsd tan (ygelym )05 00 gskae
Sledl gladin p Fad 3 el (Shb g pdniod Glasiplojer b (S35 bl g cosl (o0 ol )3 55531 x50
€yl lo (glaoyan 008y olols (0 aaded opl sl 38 j0s0 aailobs (o) Kan g (6 (559l ( S5 cutS wile slain
Sl by obe psly S lp 1y o (BUM,2004) o as )l 1) baspe 108 (slaojge o Jlasl (bl o 25,00 1,3
b adgd opl aiS o Jos € gl liliv] g (adomius Calup i laisds 3yl a3 Sl Jg bl 2Kl F ads .l o
S I lezilo 5,Slae (6] o S8 (b)) 4 LEED sisle slacsm s 5 65yl 6 jlodend Alo ysmmo Jbo (clol3l 51 oslizl
lojlire 9 S pite () 45 3 bad (x4 (o0l (Sily 0 3 (B (Sl s Sl &S e (5 ol oKl S
Lol Copde p 3505 L0 b S o )8 Ol b by slaojon dibwd 13 A 5V D (sladdgd S oo iy 1) (0bj))
b Hlidle yee Job cllasMo 5 (655! (o)l Cunluw sl ol ol b putins (bl cpos ad > LUl 5 4 s plillaal
o15)] 53 lgi oo g adly (olais] 3 Ll (ilodige slp sl GLL) g weldl U8 g slags gl 4 S8 iz pn ¥ Al
ool Ll 5 S e Suled |y puisdos sl 5o A adgs 995 U bl slace S 5 diadsn (clbs ks Jlasl ails 4
b L)l g 0je 50 3 ele 5l (o8 «Sag8 0jlul 32 LA 5V (slaads (Suiadnign Cunl jlub (55l Sras g Wy ole
5 Sasly S e o g |y G cnl (loj 03l ! 1> il )l ol ply b adgs 93 ol (2lgime 0 lbgren

Canidld 03] dxwg

st carbon@mission
temperature
heing
resMeNCe  ban glanning optimigation * 2d3tion
” solar@ner
‘rl«ma.\ange oy
environmantal Impact . energy performance
—.. céhewable energy
energistorage . Y
. . sq%zmabl‘velopmcm
olectridvehicles » envirgament simulation
& ener iehicy
Ps Dbusr enagonment.
energy Sextilty ® smaggrd S «.‘ energy figxibiliry
qualitgof ife srnaf'ildmg ,grﬁnu‘ldmg
= U smargpoines® cangtruction ndustry. Sustainalile energy
. ngb v Innoguon
3 4 ife cycle aseesimon :mm‘kimgs v digtaltwan energy
artifioal inteligence (ai) @ PO dsment
Y arvnciaifenigence gy g oo skt
busiding energy o5 ey Interoprabiiity sarseov-2
wokl [
\dge Famputing gy bullding energy efficien
machn*armng 4
hbllmr‘iml}&‘ o sustainablle building
L] bigihta
P WRrning
o
waser
Infrasgucture

TPV oYord) sionigs slo 555l g sluly s loidlu 259> )3 Gl (5 jlg (5318, o Al Canw]y)-F g

(YoXe-Yevd) Siowign b 5,9L3 5 ol s loidlw 29 45 (sudlS 48519 (sl 2515 oSTy5 g5l yomao ()Y sigea

Ol SRy (Wil o2 Jolowi @
5 oode kg slolis Gan L VOSVIEWer jjilay 3 «oobial Lloo» I ol (glaSus glaaias & g A pglas sillas
Soly o Ol glie p Jlod 305, (g jlaze Gl g (55l Capte indisn glagladlo oje> )3 Giagh ol sl >
5 Sl g 0303 ugs b yskitods g st (sdelS BT lue paians el 5 eitans bl ] b ol 005 Ol €atd il
cpl 2yt A oo Voo e ag) degeie lee 3 35 s M pn (sl ol Vo Bl il IS 5t g gl oS LT 3956
5 @i (Jols (sols aSud Al W48 )y (ol Jelod )5 (Ken b )3 (655 50 LB 9 g VL ST > 4 g 039 byt
Cawl 055 30 LI 3,550, b (6,58 b ys G olod ddgd o aS md o inles jslade ddigd Ve By 1) bl dlwl opl bl
Cslol 85 Jiznd sbacsygld silwar )l 5 ipl Copde (ng e dine) 53 ol Alie i Cyjgme b e )B Ades
Ji o5 ol (3BT (o5l 6531 B pmn (53l 5 3, Shos (Gilodinng g 3 pete o AbS 20 ) laadss plo 4y Jladl g Com po
SS3F Vg pdilo8 ol s (6l o lr » 305 Lol abgs lea S alid (03,0 g (gl Clados e L)

V554



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

soje> O iloh 2 (Sop O @ Vlhe a8 w2 392 b (Slojoyd 5 3)) sradgdcunl 03)5 sbml ailgld slaades L
sloje 4 1) S5 cuas sla jedld g ¢ Jaoean ) Oll e ad n Sbj)l aile sl Wle Ylie () S o W] paiass
(Egae (hga (pzed (§)Rb g (Sl e (L § (29U SSe S sladded pien Wil e Jate Mader slagletle (8
kel Ol &8 am3 oo (i 4 (pl IS pgad S (o0 (Sl |y s3] )l sl g codlil (S et lo il
o) Jols jo SsilS bl lgieds can po iy Aei p 0gMe aS sl osds Ly (gldtud dllio (gdg00m dlaw sl p 0o oyl 3 il
g oSl Canl sly 23U i lopingh & ool ol ) (S SVlho cul (igel g btisey 0515 S o Jos il e
SIS 5y ole (sl prane oSL 0l g0 ST 05> ale Sl Lises (glabgs Ll ol e )0 S e g2, 8T ol &

WS o o gy |y gland )l glacn,b g iaggy

José s, agdiler (2021)

1asa apanaviciape (2020)
§
s

simon eliasbibri (20206}

simon elfas Eibri [2020b)

nacine bachmann (2022)
sirfon elias bibri (2020a)
yassine h\meur (2022)

negar ngeri 2020) franclsco Javigs montiel-santi
)

.
Lan yigitcanlar (2020) georgios miffpnas {202} *

diego m. botffssanabria (2022)

sandro ic (2020)
simon elia@bibri (2024) I"

md eshrat @8lani (2023) naser hosself@otlagh (2020)
2 " "3

lin chen2023)

mahamed farghall (2023)

]
o v chryel k. matgllidou (2020)
najwa syahirah mphamad nor iza

(VoY e-TY0) Wodgh (slo (59l 5 b G Hloid L 059 )3 (Sl (ol Subidbgy (G3Ukw] b and (Cuwy)-A y2905

(V¥ o-Yo¥D) snigh s (55308 5 jluly s (LSl 0592 10 (GuulS (4] Fldgfy (Gobcm] oo aSeuls (55w jguan (2)-1 3 gl

Syl [ (FEUS OUS Zg; oS @
ord 45,5 IS4y VOSVIEWET 53l 15 « sl QLS zg b, e omimwolS Juboo 5l (isu opl 13 ) 9V pglas gillas
Capde g Jawme (6ol cliaden sl slerbls ojes (cadS EYlEs o Lale lbly )l dondsliul glio STzih Lolol 1 b ol
oS 2 39)9 (sl 20,5 ploml € JalS ()laid? Spgody 35 ()led (hgy 9 4 O] €y ¢ Jlod daly 9 asle (55l
b 5l oS Sl )3 gl slas A S 55 olasl  slizal Vo Wil 05 Gy o5t o (el slizal Vo il il
g Spdie 4 ld un SVlio gt Yooms 85 25,5 0o )5 sl 2oyd VL o (a3l ) i 148 ool 3 a8
&5 adg Sy e 5 5k (5)laxe 0jg> alite (sl tmggy )3 oS (Slalil sloaials b o guen pgd )b (4 id ale ()i
4 3959 skine ) Slzl Ar B 5+ Yoems o (Agbodjan et al.,2022), (Li et al.,2025) alos j) wlons 4,5 )5 4
loy Byt BB g jbolize jlioren dliwl lo Lailgy a5 glodgizes j> (Jdow (sladdigs ojlul baas g s cpows ilosly H 8 Lo
w2l 1) @l meesd 5 lallin slotmgdy slaal b prits duglio (Sl 3,505, cal 255 g o hlB e 00l w2 4Tl 00,
|) ploie a5 A Jols 45ub 485 150,85 <85 g (s2aBgS )3 g 01 Ly dely dbs A Ayl sio Vv e s Sl L3l oe

ol aliie @olio jl odlawl o Yo wlid jig) 5 (Eadse (] Ned 0liad il aded o a8 M2 o i

AR



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

(Ye¥o-Yo¥0) Nionigr sl (5,98 g 5l (s loidlw 059 13 B OUS g5 Julod gli-Y Jgun

9 4l > Wi
(LX)

PSS,

135 yoi/0; 3wl las
kel 35 03059

b3Sy 9 SHi adgs
@ 98 sbavigy
5 o) laades

28des b))

elballis Joli g oiie
S Copdeoje> gy

Copde (ng slacg)slid
Siloa ) LSS 555!
Wadgn slaailelu
55 35 ke

slagiagy (bls)l J;
A £5050)8 g (g ,l03
55 3

o) (B g 5l (oS
il 9 5550

ot lo 3 Slos (gilodine

\& o A
Silwdand (650 sl Je

9 soeldl colo (g Ngn
abgs {5 )9l

sy olee

S i BT By tggie
Yoo ades b

ISP RSYRTRIRE Sp ¥ Io

VY | ¥
Jeod slag)slid (sylub <

Sl oy Ll
b Ollllas g b

0js> B Mgl
9 lm)l.blwl
o8l )35 cunls

L;L:zs))l.ﬁb»] ‘60.3151 gs")]"

A ey o ¥
oS bl ile Jde e

0j5> Ol (shigm 0,5
&390 5 (Sllome
<55

Al sla o5, g 50
Pl

w0l Jod ¢ s giuan ign
oleitlo dSles o yin

slaades 4 Xgy
Lodoh b g (Sl

Simon Elias
oo $BibIi

(55 Sl dadgn ol
oM Gl el

L 35 yete Lol g8 g
Fabys & pudie Jlas]

Bibri (2020a,b,c)

«sjlwdiadgr—cs luly
Sip Sl

o ol Jlal adl>
9 (wjlase

9o LCA &Y le

Sl e b2 b))
sl o Jaocoum Y 35 A
5y

)LT ke &j))z’» Lgl.a:o)f ..Li)b EFO (SI Abg> 4 «db; JJL)J odsaliiwl kj):.u.m éftuo d‘)b Yo oS And 0 uLuu A
Ll 1y il Jsl ols ji& 5 wload yalls adgs pais ) @ pe bl olscas Yassine Himeur L, Simon Elias Bibri
2 Syt e 0322] )3 Wl o & Cunl (5)5b95 (slmoje 0aimd L (A 9 V) osimoisy (Jy FSasS slaades sz S e
>hb g ilodnd (Jlomd (lags)glid (698 (ol Ken oaimd Ui 0 9 1V (slaadsd (e bglad o515 iz en by (ol 4SS
ab wlio STasl p onda oSl lee Sligen olul p ks & Gingh ol fbys oS cul o ks Hbe cpl .l Jlub

LS o paduie Niedgn g b slalaislo ojex 13 1y LED el S it (ol yone g 48,5 S5

ateeq ur renman (20213

cheng §§§(2020) hooman fafganeh (2021)

-
jan drgdiia (2020) sandro nigatic (2020)

yaSsingk UF (2029): o iman sueem (2022) ke warigi(2021)
ehrysi k- merllidou (2020)
davi vijaysii (2020) )

karam m. afigbaldi (2028

maryam gholarfigadehmir (2020)
@ kaya kil (2020)

W md eshratgiatahi (2023)

negar nagri (2020)

-
biao ya(2020)

tizIana campisi (2021)
alngwen mie (2021) ¥

- «
simon elias bibri (202
Sigen=laggieo
 simon eliasibibri (2024)
georgios mylonas (2021)
faris. a. almalKi (2021)

*lin chen2023b)
P bin yarigi2022)
mohamed fgifighali @053 @

tabbl wilbegfpree (2023)

wala&d bin qaim (020)
nasro minsallah (2020)
simon elias bibri (2020a)

chandan mieena (2022)
lin che@if2023a) &~ &

/a syahirah mohamed hor iza

jaroslav vighota (2020)

masoud nauzi (2021)

simon elias bibri (2020b)

lulza f. cotieza (2020)

(YoVe-Yord) wowigs gbd 5,0U8 g ,luly (sbd yloid o 5395 30 Slo )l o2 a8~V + piguad

V<5V



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

| (2020)
maryam gholse i (2020)

020a)

(YoXe-Yev0) Siaigr s (5,03 9 )l s (il 595 40 Clela,l bLi,l g 6,158 51 oylme — V) pigeas

6 5 o= ¥

9 Lojlards’ osiged oo oS5 5l (6o e b o ploxl YYD B Y-V (go3l ) 0dds pliio Ao VY- gy 2 &S gy (i
ol Ppadd (ly )l wlied &5 08 plulid plate (£9dge (gadsh Cudin ol ) xi CUS 5 (g2Uial Jlos
S5 yo i Ae il Vo iliwl b (glatun (ool Julow () Joao) 48 o Joo Miadign g b lalasbo gojom > dmgh
B3 1y Glles g (lolow (oo @ilglis (ol g 485 b 4SS ) @2 pe oS plgisa &5 38 jasuie |
dOT _ el o ol BIM _ pless o leMbl (gjluse) simd oo JSi5 1) 0595 ailyglid diwd ¥ 9 ) (slaadgs (ybe oyl 1 a8 0
(ool s L5y 32 550 LY gl i (gl 5508 5 (3 (Stuen (e U 5 (655 oo s Al - (o5iae 250
Sy 9 03)S Wl ) gladyole oy GiB5 lamesloa] ()l 5 (S95 CakS 3565 b 5 At g 65yl ilwaire g
5 i)l slogj olysar o Slee (iloding g iloded dad)lulinl gedge b ¥ adgs S (o0 )80 1) Sludl 5 (3 laey )l
b adgs ol Sl bpladle (Bly 5 Sles (gaumlio g (el 3 9 3)1> (3o ) (i85 baigygld (ilwosly CudsS (e
ot plois 5 Shles gooyl) oo bl gails (LCA) joe 582 )l 5 555] iadgn Copo Copsmo |
7 2929 LA 5V slaados oo 3 9 D)l (g3l i ()8 )byese 4 (gl (sl ye NS sl g sl e,
i Pl g (il (ST blE 1Sl o w8 o Wl pdpiios slagsi il plésl 5 (315 wll diadsn J S )3 j5abg (25 «jieS
Madbgh Co o y S a5 Ng) o M oo Al |y S (54Sed pagade SLE o 5 (oS £55 pb S L ol sl 55 (slaoy
e ply bl GBS o ol bl ST Sllos ()il g ol 0By (6l85)] ) bame CudsS Sgut0 <555
5 5kl gy Jos o gl ols S L5 4 Baas 45 ole sgaze leibls jos a5 jn o BIM—IOT-Al L sl
byl o Slas b)) slme sladcgare 295 9 LCA i i g 5kl o0l (slaololy 3gmaS” tunl 03l Jols (sla SS9
el 5 oLl byl Il (3l e 5 Pxtwslaidl Cldllas )3 S gy SlaMS S o Chanad |y (652400 2 5 (55 Canlis
b yias 3 = hpdy g oldy (Sl o Sl sll 4 (w2 gieS Djloie Jleds |y phinios sbsipl plesl Glaofyn Comlus
il P 055 5 (oouldl 65l (salie; 1 i imgly Cudgiome g tumd g Sl 1) laisyglid (o gl Sl S cgite (Sim 3
HB g oo slapl g0t |y 05> onl (otingy ol 4t W g il e 3T & 1y o) Slilas b ((oaBly 5Slas jate
g1 dlgs w8l b )5k 5 sl ndy bt slo)lSal, (sl (slio &5 sm 0 L5 2L

l ST S g3 of y alddd

as = 0 S LSS 5 plaelsl jslazeas BIM—TOT—AT (ol ool Jols (sla JSG s 2 5 (523 e 7 T
s e s T Rl s e e A ¢a

| slaJlos 51 Slomiy ol oo ,5lee o lailinl (slaools SGb o (LCA) es a5 2 b)) b sloacgeme Lozl 5 slogl I <] | e u'|
S2led (e (6 oS mreal 5 (Aarec =

| Ol i g lalazsle adly 5 ,Shae Gt g oo YF BT Sloj 0,00 b ol Sloe slo_tmas sl 5 o>l l <j | o ,.|:|
Eae Simd slacdl o bas il elenal B ndy

59 Wosen Combus Jolow o (sobazil (g,laly (255l Haliieds o Jbo (slags L (s5kuJoe 9 (griwolassl sla Julos alaul <: St
Lemlas> dlacaobw o 5L ol s ol ”

| siloesly e 5 o ShRe DLl o el daBate (0935 (sl sosli ol o0 3 slann,ole sla e S iy | <j | PESRNT
iaten g Il slag el Jloe

03,5 1 awie o T (5 b ol S (g3l ofy Al -V Y pyguad

VEYY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

&l

- Afsahhosseini, F.S. (2025). The impact of Iran’s urban heritage on sustainability, climate change
and carbon zero. Environment, Development and Sustainability, 27, 12351-12309.

- Agbodjan, Y. S., Wang, J., Cui, Y., Liu, Z., & Luo, Z. (2022). Bibliometric analysis of zero energy
building research, challenges and solutions. Solar Energy, 244, 414-433.

- Ahmed, W.; Asif, M. (2021). A critical review of energy retrofitting trends in residential buildings
with particular focus on the GCC countries. Renew. Sustain. Energy Rev. 144, 111000.

- Aktiirk, G., et al. (2021). Cultural Landscapes under the Threat of Climate Change: A Systematic
Study of Barriers to Resilience. Sustainability, 13 (17).

- Asadpour, F., Asadpour. A. (2014). Optimization of Energy Consumption Using Solar Bath in the
Hot and Dry Climate of Iran. European Online Journal of Natural and Social Sciences:
Proceedings, 3(3s), 40-49.

- Asadpour, F., Habibi, A. (2015). Strategies for climatic design for sustainable urban housing
development (case study of Nur City, mazandaran, Iran). Cumhuriyet Science Journal, 36(6), 653-
664.

- Asadpour, F., Khastoo, S., Rezaeian Fard, M.H. (2016). Using wind turbines in high-rise buildings
in the development of sustainable architecture (case study: Kish Island). Journal of Fundamental
and Applied Sciences, 8(3), 1069-1084.

- Asadpour, F., Mahdinejad, J., Sharghi, A., saleh sedghpour, Bahram. (2025). Factors of visual
organization effective on the protection of vernacular landscapes in the foothill villages.Journal of
Environmental Engineering and Landscape Management, 33(1), 13-29.

- Asadpour, F., Mahdinejad, J., Sharghi, A., saleh sedghpour, Bahram. (2024a). ldentifying the
Components of the Visual Organization to Improve the Physical Appearance of the Vernacular
Landscapes of the Foothill Villages of Iran (Case Study: Foothill Villages in the West of
Mazandaran province). Journal of Environmental Studies, 50(2), 187-212.

- Asadpour, F., Mahdinejad, J., Sharghi, A., saleh sedghpour, Bahram. (2021). Identifying and
Evaluating the Visual Organization Factors Affecting the Improvement of the Physical
Appearance of Iranian Villages. Journal of Rural Research, 12(3), 589-576.

- Asadpour, F., Shirdel, A.H., Naghipour, P. (2024a). Evaluation of perceptual indicators of
physical environment affecting the inducement of citizen’s sense of place in urban neighborhoods.
Energy and Buildings, 325, 114992.

- Bahramian, M., & Yetilmezsoy, K. (2020). Life cycle assessment of the building industry: An
overview of two decades of research (1995-2018). Energy and Buildings, 219, 109917.

- Balali, A.H., Yunusa-Kaltungo, A. (2025). Selection of passive energy consumption optimisation
strategies for buildings. Renewable and Sustainable Energy Reviews, 210, 115222.

- Bendor, R. (2025). Sustainability imaginaries by design. Sustainability: Science, Practice and
Policy, 21(1).

- Burt, R. S. (2004). Structural holes and good ideas. American journal of sociology, 110(2), 349-
399.

- Cabeza, L. F., de Gracia, A., & Pisello, A. L. (2018). A Summary of the Study on the Authenticity
of Traditional Village Architecture Space. Open Journal of Social Sciences, 9(6).

- Cabeza, L. F., Rincon, L., Vilarifio, V., Pérez, G., & Castell, A. (2014). Life cycle assessment
(LCA) and life cycle energy analysis (LCEA) of buildings and the building sector: A review.
Renewable and Sustainable Energy Reviews, 29, 394-416.

- Chen, C., Wei, Y. (2025). Optimizing energy efficiency and indoor thermal comfort in rural self-
built housing: A comparative study of GA and EA algorithms. Case Studies in Thermal
Engineering, 73, 106705.

- Di Foggia, G. (2018). Energy efficiency measures in buildings for achieving sustainable
development goals. Heliyon, 4, 1-21.

- Dwaikat, L. N., & Ali, K. N. (2016). Green buildings cost premium: A review of empirical
evidence. Energy and Buildings, 110, 396-403.

- Espino-Gonzélez, F., et al. (2024). Optimization of energy consumption in residential housing
within the framework of energy sustainability strategies. A case study in the Canary Islands.
Journal of Building Engineering, 94, 110014.

- Gonzélez-Briones, A., Chamoso, P., De La Prieta, F., Demazeau, Y., & Corchado, J. M. (2018).
Energy Optimization Using a Case-Based Reasoning Strategy. Sensors, 18(3), 865.

- Hafez, F.S., et al. (2023). Energy Efficiency in Sustainable Buildings: A Systematic Review with
Taxonomy, Challenges, Motivations, Methodological Aspects, Recommendations, and Pathways
for Future Research. Energy Strategy Reviews, 45, 101013.

Vo FVY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

- IEA. (2018). Energy efficiency 2018: Analysis and outlooks to 2040. OECD/IEA.

- Jiang, Sh. (2023). Exploring Localization Translation Strategy under Cultural Compatibility
Principle. Communications in Humanities Research, 3.

- Kathirgamanathan, A., De Rosa, M., Mangina, E., & Finn, D. P. (2021). Data-driven predictive
control for unlocking building energy flexibility: A review. Renewable and Sustainable Energy
Reviews, 135, 110120.

- Kim, J.T., Yu, C.W.F. (2018). Sustainable development and requirements for energy efficiency in
buildings — the Korean perspectives. Indoor and Built Environment, 27(6), 734-751.

- Kuhn, T. S., & Hacking, I. (1970). The structure of scientific revolutions (Vol. 2, No. 2, p. 310).
Chicago: University of Chicago press.

- Li, B., Zhang, Y, et al. (2024). Energy use in residential buildings for sustainable development:
The fifth Solar Decathlon Europe revelations. Heliyon, 10(9), e30701.

- Li, X, Xu, J., & Su, Y. (2025). Research Status and Emerging Trends in Green Building Materials
Based on Bibliometric Network Analysis. Buildings, 15(6), 884.

- Ma, M., etal. (2019). China act on the energy efficiency of civil buildings (2008): a decade review.
Science of The Total Environment, 651,1, 42-60.

- Mahdinejad, J. D., & Shirdel, A. H. (2024). Analysis And Ranking of Factors Affecting The
Design of Sustainable Housing in the Cold and Dry Climate of Sabzevar Based on Energy
Consumption Optimization.

- Mahdinejad, J., Asadpour, F. (2019). A Strategy for Sustainable Development: Using
Nanotechnology for Solar Energy in Buildings (Case Study Parand Town). Journal of Engineering
and Technological Sciences, 51(1), 103-120.

- Mahdingjad, J., Sharghi, A., Asadpour, F. (2018). The effects of economic factors on the physical
structure of sustainable rural housing. 4th National Conference on Architecture and Sustainable
City, Tehran, Iran.

- Mahdingjad, J., Sharghi, A., Asadpour, F. (2019). A Theory of Thoughts to Explore the Concept
of Visual Aesthetics Affecting the Quality of People's Perception of Rural Landscapes. 1st
international and the 5fh national conference on sustainable architecture and urban. Tehran Iran.

- Mahdinejad, J., Sharghi, A., Asadpour, F. (2020b). Perception of rural architecture. Academic
Jahad daneshgahi.

- Mahdinejad, J., Sharghi, A., Asadpour, F. (2020c). Investigating the Effective Indicators on the
Desirable Quality of Open and Semi-Open Spaces of Contemporary Housing. Int. J. Architect.
Eng. Urban Plan, 30(1),119-135.

- Mahdinejad, J., Sharghi, A., Asadpour, F., (2020a). Investigating the Indicators and Subjective
Patterns of the Majority of Experts in People's Visual Perception of the Rural Environment
Appearance. Journal of Rural Research, 11(3), 422-439.

- Mahdingejad, J., Sharghi, A., Asadpour, F., (2022). Structural Modeling of Physical Components
Affecting the Landscape Beauty of Mountainous Villages in Northern Iran Using a Virtual Reality
System. Journal of Environmental Studies, 48(3), 363-386.

- Mahdinejad, J., Sharghi, A., Asadpour, F., (2024). Identifying the physical-spatial components of
the valuable vernacular villages based on tourism development (Case study: foothill villages in
the west of Mazandaran Province), Rural Research, 15(1), 6-31.

- Moore, T., Doyon, A. (2023). The Sustainable Housing Challenge. A Transition to Sustainable
Housing (eBook), Springer Publishing, 85-121.

- Olabi, A.G,, et al. (2023). Renewable energy systems: Comparisons, challenges and barriers,
sustainability indicators, and the contribution to UN sustainable development goals. International
Journal of Thermofluids, 20, 100498.

- Pisello, A.L. (2017). State of the art on the development of cool coatings for buildings and cities.
Solar Energy, 144, 660-680.

- Rahaee, O., Salehi, S. S., & Shirdel, A. (2024). Improving the quality of natural ventilation in
Masjedsoleiman's Schools' classrooms based on the openings' position and the outdoor shading
blades with CFD Method. Journal of Sustainable Architecture and Urban Design, 12(1).

- Roufechaei, K.M., et al. (2014). Energy-efficient design for sustainable housing development.
Journal of Cleaner Production, 65, 380-388.

- Santamouris, M., Vasilakopoulou, K. (2021). Present and future energy consumption of buildings:
Challenges and opportunities towards decarbonisation. e-Prime - Advances in Electrical
Engineering, Electronics and Energy, 1, 100002.

V< FYY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 3, Autumn (2025)

Shirdel, A., Asadpour, F., Heydari, MS. (2025a). Reinterpreting the Principle of Privacy and
Sanctity in Contemporary Housing Design with Emphasis on the Valued Status of Women in
Islam. Journal of Women Interdisciplinary Researches, 7(2), 25-44.

Shirdel, A., Asadpour, F., Rahaei, O. (2025b). Manifestation of Islamic Teachings in the Design
of Tranquil Homes (Case Study: Aldaghi and Jafarzadeh Houses in Sabzevar). Architectural
Technologies Studies, 16(2).

Soltani, A. (2016). Low-Income Housing in Iran: Policy and Practice. International Journal of
Housing Policy, 16(3), 402-424.

Taki, A., Alsheglawi, B. (2022). Toward Energy-Efficient Houses Considering Social Cultural
Needs in Bahrain: A New Framework Approach. Sustainability, 14(11).

Urge-Vorsatz, D., et al. (2020). Advances toward a net-zero building sector. Annual Review of
Environment and Resources, 45, 227-262.

Zeng, Z., et al. (2021). Movable window insulation as an instantiation of the adaptive building
envelope: An investigation of its cost-effectiveness in the U.S. Energy and Buildings, 247,
111138.

Zhao, D.X. (2015). Social problems of green buildings: from the humanistic needs to social
acceptance. Renewable and Sustainable Energy Reviews, 51, 1594-16009.

Zheng, C., et al. (2019). A review of renewable energy assessment methods in green building and
green neighborhood rating systems. Energy and Buildings, 195, 68-81.

Zheng, X., et al. (2021). Consideration of culture is vital if we are to achieve the Sustainable
Development Goals. One earth, 4(3).

V5YO



