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Abstract

The use of fossil fuels and greenhouse gas emissions are the main drivers of climate
change, which is a critical global challenge. Buildings have a significant impact on
climate change due to their resource and energy consumption. Building energy can be
divided into two key components: embodied energy and operational energy.
Researchers are actively investigating strategies to reduce energy use in buildings,
including through simulation modeling. However, there are gaps in the literature,
including a lack of insufficient attention paid to the impact of embodied energy on
operational energy, especially in educational buildings. The main goal of the current
research is to develop and test a predictive model of the influence of embodied energy
of materials on the operational energy of green school buildings. To investigate how the
characteristics of the core of the exterior building wall may moderate or influence the
causal relationships in this model. The researcher employed advanced variance-based
structural equation modeling techniques to test the research hypotheses. The results are
quite compelling, with R2 values of 0.704 and 0.755 in the two structural equations.
This indicates the model can explain 70-75% of the variance in cooling load and heating
load (i.e. operational energy) based on the embodied energy behavior. This suggests the
model has strong predictive power in capturing the influence of embodied energy on
operational energy in green school buildings.
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MIM2 o5 o n is 55 0.360 702 0.000 0743 702  0.000
MIIM2_o s sloo s siizs 531 0212 702 0.000  0.804 702 0.000

MIIM25L, saigs (55, 0203 702 0000 0818 702  0.000
MIIM2 G wigs (5551 0.345 702 0000 0750 702  0.000
MIIM2 515 Jlgys atigs (5551 0.244 702 0000 0817 702  0.000
MIIM2_ 205 ), 0312 702 0000 0.632 702 0.000
MIIM2 sl sl 0285 702 0.000 0.654 702  0.000

Lodls (139 Jlo i (w2 S i ppomsl B9 S 5alsS 9 Shag 9 pmld (ig03] ¥ g
(SPSS 8105 (29,5 cis L)

25,5 1ol KMO and Bartlett's g0l Lulg, Cog)S g diges pos coliS awyp o>

S ole s 905l ol Bae Clanliedlis g cul +F 55,5 a5 KMO = 0.623 lude
bys e 4l jasls o bulgy cogyS 8,k ;| (Sarstedt & Mooi, 2019, p. 519)cul
sig = p ) (Henseler et al., 2016) sl oa a4l i)l (905l (g )bline bawgs Jlole Julo Lol
L (Fos) Cuol oS b )5 glybs aoys 4 jliab] xdaw 5o 4 (value = 0.000< 0.05

ol (g dtwd sl yuaie Dl &S Wb o luebl Bavte (¥ ISS) 05y K Hloged pawy
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&S WS o s HDged Cpl ol Sy gl Jde 50 ol o yuxie dlawi b 38l 55 lawes
sl o sl ele o lele Llod gy (g ates |y 09 pite o sl (a3ls
(Kline, 2016) Wl 43,5

(SPSS 13310 5 29,5 cidlo) diges pos ColiS (901 .F Jgo>

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.623
Approx. Chi-Square 3498.282

Bartlett's Test of Sphericity df 21
Sig. 0.000

2329 e (bl 52 (98 Syl Slan 03 5 S lagei . USS
(SPSS 13810 5 (29,5 s o)

581 0 5 olGs! -y

Siladde laylsila s 0,85 5l 5y5e sks  PLS ¢AMOS  <EQS ¢ LISREL
OYolee gl Jus 4y 3leie EQS g AMOS ¢ LISREL )8l g dws &S s ()5l Yoles
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WPy & M &Sy wibjly (slay by, bl o Wy jgome uibyly Jus (o)l le YDl

1wl 04

oy 9 bl @ basye slajlas b (6503l sla e iomw ()
talys 5 oolitl b (6o sy o (¥

Jud (sl sbgy 4 S o 4 bgayo (sloljdlp i 5 PLS (b, 5l slitl 3] (slaJls b

Col (placyse Jo1 & cnl g 0ud i ool 065 sl 5 sl (o Jie O o)l 5 Ul

oo Lulyd ols 39S gty Jio 5 bl ooy sl s gy 4 cam PLS g, o5

Slasiio hls Smart Pls 4,131 o) ol (s coiy oo bl spme sy

o905 bl Jl58le 5 5l aseus ol 4] s g 3,8 bl Jse 905l Cas version 4.0.9.6

2 9390 slaylisle s > SMal I LASb o Ly 1) jeome wibjly g willesS Jio 45 90 s
(Moradi & Miralmasi, 2020) .l 63,5 slu! 5L

P9 I (yg0il -Y-Y

CudsS 9 (@bl «aly) 290 9 121 ¥ 0359 SMART PLS 331 25 )5 (ingly (cogrie Jo

by ol o Giegh adgl ((Sopm)sS ojlul Jae (Hair et al., 2020)cé,S )8 oo
ool p (Mellat et al., 2022)055,5 obj)l (oS 5 605 ojll oo sl jasll g (Sen
adly Jao > ool JKiw ol e STPLS 58l oy colis ,5 IS jgudyy Jooll gt
slbd g ol S L plp oledy pite nlply sl VLl )L 5 G el
15 gl kiS5 Sl S 5 slaasls Llele (slayl cuils aalyss gy s yuSoilul

(Rg Henseler et al., 2014)

1.Partial Least Squares
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g0 VIF (lascen pas (geil (S5 095 slopiio ly 1Sly (2ls) onn 2
o 2 4 Canl BN ge)S) Ko b dd (oS 6ol Jhe S5 xS e b))
ool 31l dtly it (B 5> (1S it g i loyite (1B 5> KT (gla e
ool Jie lajeiie Jad ob pas (y9e)S) SUSSGE 9 Loyl I (S0 &5 el
28 39800 w85 00 VIF (uibly ()95 b pyg8 padls I cumdy cnl (s sl cnlnle
Vo S5 lie 5 Gl (bt ob Candg odiny olis Ve YL ib)ly oy a3 Ls
Aad e plis 1y Jasea Jad bBas g Cal  Collae  Cuxsg cxad lis
O dde & S wibjly iye8 (09 5So 68 liee p late yuin (Henseler et al., 2009)
05l S 9V b ply 5 Limgh VIF culps adS (Igbal & Mia, 2020) .u)ls 3les
Wy o Ol Ay Sy S gl yusie Y lgw (Jad pa pas 1AL o

Aine aSiy] g 095 dlie p glig)S 398 (> g pudixe I (A > ol o8 (e
FliS Wl o Wl LSy |, ol Alie v S o Sl o) gy &y &5 Sl
e 51 &3S 5 5 S0 55k Say b bl Bl G9oil e s ey Olyea
ZligyS lall 5o 2 09 (Moradi et al., 2022) .cuwl Gio Jlo Vo 5l i )0 2lig,S
AVE 15 glsaul obls olie 9 CR Sy bl oololy ol |y ojls bl
polie & Joao 0 bl <0 5l 55,5 AVE g Y 5l 55,5 CR &S Cuiy (py 20)S duwbro
S e e ST (SR, jomdy Hlai 4 lord o3l il AVE 4 CR T colps
@bl 9 Oleebl Coll lojlae ploi Ll b ogde quudl il Jao > ol
S3) b (S 5 Sl b6 s S <l AVE)

ol 0l (Jo)35 Cygo pdy polie dlS (i (g itk Yolee Jde 3 oS
(Fixing Measurement Error to O for Single-Item-Latent - Forum.Smartpls.Com, n.d.)
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(SMART PLS4 ,l3310 55 295 islo) AVE §CR g0 gy oy pt - s

OFSe yaiio o  CR(rho_a) CR(rho_c) AVE
e de By Gl 1 1 1 1
Core Exterior Wall Embodied Energy
SR I b Es G 1 1 1
Facade Exterior Wall Embodied Energy
R ok g G 1 1 1 1
Exterior Window Embodied Energy
LoEg G
e
Roof Embodied Energy ! ! ! !
EoEg G
Floor Embodied Energy ! 1 ! !
GBb e Eg o G 1 1 1 1
Interior Wall Embodied Energy
)
Cooling Load Energy ! ! ! !
.'.LA/
et b 1 1 1 1

Heating Load Energ

Giln g ol Slalins 355 00 )5 (xiw CuiS 3)90 09T (Sap) xS ejlul Je

Sl (in ) dgrg (2j Oluye Sl slabe) 3 bygme bl JSS 4
(Ringle et al., a2> jaouis wixel I 1) pize sl Jas slael LB jsbas Sl o5 o3y
3 5Ke pite 5 KT (o yuite umdin CulS wyp slp Q square asls 14 2022)
03l ol e ol ond plo w3l amd @lodl s sl b gl g o odliil Sgpm e
N a X0 g -0 Y palio Sl e o e sl dr ST AL o ) S5 L
S YL Q square polie £ Jaus b 3:llae (Becker et al., 2013) 5,8 odlaiwl (598 U cans

Casl 048 (b3l (698 gy Ao iy CudS S opdy 9 bl e + YD ke

(SMART PLS4 13810, 295 Wialo) Joao culs oba JRV.Y. USRI ) PRV

. PLS- PLS-
o .. 2
U5 e Q?predict SEM RMSE SEM MAE LM_RMSE LM_MAE

CoolingLoad 0.612 151030.13 102444776  177407.102 128374.799
HeatingLoad 0.651 168671.827  114257.547 205489.718 150145.117
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21yl 5 ed (gyslaes Clialin cuasS 5 bl (als) Lok (o Jie & (i8]

5 Sldyd o9oil Car imgh (L) (90 Je cl i) a0l & Giagly Juo CIB

o (Igbal & Mia, 2020; Tarka, 2018) 535 o 1yl 15950 (slayusio b i cdd

Pl oigh 6l Jbo & IS milpe g i3l b (Sep e ogeil & iy
Amd e iwles |y pimgh )l Jao lus b
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(SMART PLS4 ,l3810 5 29,5 cddlo) Lidgis Jao lus 8 9051 Jgsa Y Jgus

SRR Clp B B VIF  Tvalues Pvalues 4

EXWallCoreEE -> CoolingLoad ~ 0.666 ~ 1.568  20.165  0/000  be
EXWallCoreEE -> HeatingLoad =~ 0.646  1.568  19.564  0/000  )bte
EXwindowEE -> CoolingLoad 0121 101 6.434 0/000  Jbbke

EXwindowEE -> HeatingLoad -0.071  1.01 4.505 0/000 Jhlise
FacadeEE -> CoolinglLoad 0963 1421  21.738 0/000 Jhabise
FacadeEE -> HeatingLoad 0.963 1421 22.149 0/000 shbize
FloorEE -> CoolingLoad -0.045  1.052 2.402 0.016 Saliae
FloorEE -> HeatingLoad -0.034  1.052 2.071 0.038 Hlolixe
INTwallEE -> CoolingLoad 0.05 1.155 2.624 0.009 P
INTwallEE -> HeatingLoad 0.037  1.155 2.238 0.025 Jhlise
RoofEE -> CoolingLoad -0.002  1.102 0.102 0.919  jblasys
RoofEE -> HeatingLoad -0.068  1.102 3.651 0/000 shline
Eﬁ;‘{ﬁg&’;ﬁ& XFacadeBE ->  ogy 1498 21243  of000 P
EXWallCoreEE x FacadeEE -> Slalice

HeatingLoad 0.943 1.498 22.8 0/000

el (oogrie Jdo ol dtnly sbapste Gardn ) (o Olaek S 2l S
ol Halr suds amd o (Ui 1) (G9iS7 imgly ditunly g 1539)0 (slajeiite R® olie AJgax
S8 + Y g hwgie + Y whms + 0 Hlde dw b bl o atS b pillae el opl &S 08 6
a0lg5s el 3] Gimgly o 29 iy sl #5158 ke ol asliy 2gd Aglio
ot 0w J) 5 k5 lo dokee g3 53 R2=0.755, 0.704 gobs (Hair et al., 2011). cusly
blse gyl y0s0e g5l lod &5 (Ldole)S )b g (laloyu)l e )18y b uilyyly I aies )08
P ogrde Jio Gl oad SBl glapste 5 iagh Sladl ool Jae (Gile a4 amd oo
Ol & NS (o o |y )b po e 5551 e (51 518y U 5l o yd Vel i pgecme
D9 e 485 5lai 53 (98 ) phlaicelo I g)lre o L jlade
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17955 e R-square R-square adjusted
CoolingLoad 0.704 0.701
HeatingLoad 0.755 0.752

(SMART PLS4 ,l3810 5 29,5 «ddlo) Lidgis 61359,0 W yio R2 ydlio . A Jguo

sigg s i P Lo Jy) dobes > o smsie ol g (sl Jie ol
wind 531 o2 ) oo oxiy wiins (55 (2B Jlgd dtes wiags 53l s b (2B dlug
9 35,1385 o U (oale)S 5l 9iSe esite g (B> sla)lg> wtins (g5l g S wties 3l el
Yoo aolb o A Jlisl b aws 3 ¥ p value<0.01 jlde & as g b aus,8 & cpl oy )
s Skl sdpwsy 4ol 4 1oy 0 Jlas! b p value<0.05 jlude 4 as g b ans 3
g IS i (550 2l sloo oty aiin (55l 0 P ke ke 4 dog b o amd e LS
b o5 cwl R%=0.755 Jlido .l tols (otle)S)l e gyl (I3l L ol atigs (55
e oo 2b3)l 598 Hluww (Chin, 1998) (> il ojlul polde & as g

(2B lgd dten doi b (2B gy wiyd sbasil e £ )lidle pgd dilae )3
g 88 e b (odalopw Sl 9o psie pr (B Slajlgwd 5 S el o2yl slvo oy
Sbroymiy (2 lpd dtus b b ()1 dlwgy aiies lagsyl 48 ¥ ans)p 7 ol G
S5 g dilodds Aol do > A Jleis! b p value<0.01 jlado 4 asei b J5b glajled 9 )15
Gl ol Aol 4 2o )d A Jlaisl b p value<0.05 jlase 4 as g b oS diags (65, ans )9
235 g0 3y dndyp oyl g s ylaline (o)Ll Jlas I by )l i atis (55l it U
Siplg (2 slvo iy diing 5Pl 3 B ke Hlke 4 drgi L &S 30 LS S (S ]
85 (s o 53 pitn P e | e 8IS pilegs b i il il L S i
Uiyl 668 sl (Chin, 1998) > il o5lul polie 4 g5 b &S cuwl R?=0.704 i
A3y 35 S, a5 5 135 Sld b dad g, 400 VF (3l 4D sk 39 o

23lie 4 o g o3 PLS-SEM )5 uily)lasS 3929 pas Jdsey o ol (pl e 435
U oly il bl e o2 b gy (55 (slopitie 85 ol (s |y 8 S| 2
D)5 gy Mo 15K sloyite Lo pie ikl (ygef] S VIF (50l &5 cal
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Ol yiaS 159y 9o sl pusio VIF jolie S Cunl o asuio ¥ Joda 0 &S jolailen
SelS' RE ) oal oty gl a0 53 5 205 (aen gy (i (slajeia 1) 5 aiil

55 Jaond @by o 903 - V-F

it 586 CoB Atuly it b Jituo yiite (25 ostdo slaio il g a5
(Pardo & Roman, 2013) .5,5 o ;1,8 oo 5y50 (il yusie (leisds &5 305 0 )l)8 coguw
e b cpl 3 8 338 e il o Lalgy 395 1 g site Syl (B K3 3)lge
Ly 159,50 p 159, (sl purio @l Sl it | g5 ol (YOON, 2020) 395 oo 0dwols’ odiS™ i
i yi8)Sla3 3 & dngi LGS Limed pd (Dawson, 2014) a8 el b Coed
B ol iy Lo & (5 ) 0 oS i ol 25 s dhees g 55
Sl g (o glabols (655030l ol 4y dagi b ()1 g s wtind (g5 il e
Sled b ogel @l A o 285 8 (s Sl il y90 (el b (po ol g
30 kel ) (2B > diuds aiies (555 S o

(SMART PLSA 58105 (5,5 ciblo) (g3 Joto a8 Juawd s 9 g0l g - & Jgae

SR Sl B B VIF Tvalues Pvalues a5
EXV\_/aIICoreEE x FacadeEE -> 0.882 1498 21.243 0/000 Sloline
CoolingLoad
EXWaIICoreEE x FacadeEE -> 0943 1498 298 0/000 Sloline
HeatingLoad

Oy 2 2B e dles alind (g5l e &5 W o LS oy Jols Jo @l

L1y el )b g ol Jb () atgy wiies 6551 o ably i Slupe Sl

cade 48 Lo s Loy A oliseb] wdaw ;> T VALUE 4 P VALUE ke 4 g

i Gl b im el 4053 ] 5 e dlaly Cogi ) b oAbl e Cte prana

by 2B g @iy (gGyl Pl ol e Caa 0 (2B Jled s wins (5]
Dgb e ool g 1l o (RlBIOL; 4 oS ) iale)S )L g (aleyw

1.Moderator
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