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ABSTRACT

Building characteristics influencing to energy saving

performances on EU Smart City Project

Yang Jun Ho

Advisor : Prof. Cho Kyu-man, Ph.D.
Department of Architectural Engineering
Graduate School of Chosun University

The urbanization phenomenon, which is paying attention all over the world, is the
main cause of environmental pollution. In the case of the EU, buildings account for
a large proportion of final energy consumption and greenhouse gas emissions. Many
researchers are making various efforts to improve the energy performance of aging

buildings in smart cities to solve these problems.

However, since most of the research focuses on the software aspects of monitoring
and control-oriented using [oT for energy efficiency of buildings, studies dealing with
hardware aspects such as physical characteristics of buildings and techniques
improving energy performance were insufficient. This study aims to analyze the
causal relationship between the three factors (i.e., characteristics of buildings,
renovation techniques for energy saving, energy saving performance) by establishing a

core concept.

The data for each factor was collected through a case study and analyzed using a
Structural Equation Model (SEM). The causal relationship between the three factors
and direct/indirect effects through effect decomposition analysis were derived, and the
results were obtained: (i) In the causal relationship between the factors, the factor
including “Lighting” and “PV system” had the strongest negative effects on energy
saving performance (standardized effect = -.683, p < .001). (i) In the effect
decomposition analysis, "Direction of building" has the greatest indirect effect on

"energy saving rate per unit period" by mediating "Lighting" (standardized direct
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effects = .258, p < .01). Using this causal effect analysis of the three factors can
enable the selection of effective renovation techniques and have a positive impact on

energy saving performances in the future energy-saving smart city projects.
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1) United Nations, Department of Economic and Social Affairs, Population Division. (2015).
World Urbanization Prospects: The 2014 Revision, (ST/ESA/SER.A/366).

2) European Commission. (2014). Climate action. http://ec.europa.eu/clima/policies/2030/in
dex_en.htm.

3) IEA - Intelligent Energy Agency. (2017). Policy pathways: Energy performance certificatio
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Elsevier, 4(1), pp. 12-21.
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H 1.1 Result of searching from journal of "sustainable cities
and society"

Keyword Frequency
IoT 26
Transport 13
Security 11
Privacy
Computing (fog, cloud, edge, intelligent)
ICT
Big data
Sustainability
WSN(Wireless Sensor Network)
Machine learning
Policy
Energy Efficiency
Energy management

*Journal : Sustainable Cities and Society
*Search method : Searching “Smart city” in title
*Article types : Review articles, Research articles

Ne)

WO/ | J|00 |00 |00 |©O

5) Khan, Z. A. (2018). Using energy-efficient trust management to protect IoT networks for

smart cities, Sustainable Cities and Society, 40, pp. 1-15.

6) Chithaluru, P., Al-Turjman, F., Kumar, M., and Stephan, T. (2020). I-AREOR: An

energy-balanced clustering protocol for implementing green IoT in smart
Sustainable Cities and Society, Elsevier, 61, 102254.
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Characteristics of Techniques applied

buildings for renovation works
in EU smart city projects of the buildings

‘\\éjmsr: Leffects I Causal effects IT
Energy-saving

performance of the buildings
postrenovation work

8 1.1 Core concept of this study
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- Analysis of building characteristics
— - Analysis of renovation techniques for energy saving
- Analysis of energy saving performance

EU smart city project’s
collection and analysis

STEP2
- Develop nominal scale and ordinal scale of three factors
Data collection and - Replacement of missing values (EM method)
dwelnpment of hypnthe‘tical SEM L Development of hypothetical SEM through exploratory
factor analysis
STEP3

me - Improvement of goodness of fit through
SEM model modification and maodification

validation - Development of final SEM

STEP4 - Identifying the causal relationships among the
building characteristics, renovation techniques for
energy saving and energy performance in SEM

- Effect decomposition analysis among the three
factors

Discussion of results —

" 1.2 Research framework
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Ho} 3H, ~ulE A E #H J)E BT
MNde Qg & e Aclth 279 ~
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e EE%]]ZEXS

Alet z~utE AJEl9] HEAHQ Aol He wFIAcH, ol ~ulE AEQ I

i Nl 2 FAHAES 9
ST, e A3 Ve B9 FA At o]l FejAa ATk Hollands (2008)
of WEw swlE Al digh AtEe] ICTe #AE 7|& oA s e
W, ~utE AJE|9} ARl ghe] A Alolo] A WESHA A|AIGHA] Rdte] 2wE
Aglo] 3 HWEsk NI Ayt dETH2), T3 Ahvenniemi et al. (2017)& AuleE
AEL9] Jdol AMSIA-AHAA SHE FAAZIAR 87 A&7t AL duyer b
HetckE Hol Al 2vtE AJE] g4l “AutE A& JHs EAl(smart sustainable cities)”
s B J8e 8o AMES HAPT. o= ~ntE AE JdS AAHE e

Qg AT oA, sute AE Ade AFAAE B3 FgsHe] 94

10) Hall, R. E., Bowerman, B., Braverman, J., Taylor, J., Todosow, H., and Von
Wimmersperg, U. (2000). 'The vision of a smart city (No. BNL-67902: 04042),.
Brookhaven National Lab., Upton, NY (US).

11) Song, G., and Wu, L. (2012). Smart city in perspective of inovation 2.0., Urban studies,
19(9), pp. 53-60.

12) Hollands, R. G. (2008). Will the real smart city please stand up? Intelligent, progressive
or entrepreneurial?, City, 12(3), pp. 303-320.

13) Ahvenniemi, H., Huovila, A., and Airaksinen, M. (2017). What are the differences
between sustainable and smart cities?, Cities, 60, pp. 234-245.
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X 2.1 Classification of smart city projects

Category

Classification by project type

Project type

‘Sustainable energy solutions on district level

-District revitalization, Greenfield development, Optimization of energy systems for high
efficiency districts, Brownfield development
‘Energy efficiency in buildings

-ICT based solutions for energy efficiency, New buildings, Renovation, Prefabricated
modules
‘Smart cities and communities

Demonstration
projects

-Integration of energy system, ICT and transport in cities
‘Energy system Integration

-ICT based solutions for district heating & cooling, Large scale energy systems -
heating & cooling

Urban  planning

. -Strategic sustainable urban planning
projects

‘Energy efficiency in buildings
-Building integrated renewable energy sources, Building envelop retrofitting, Building services (HVAC &
Lighting), High-performance new buildings, Heat pumps, Small energy storage

Energy ‘Energy system integration

-District heating and cooling, Co-generation (CHP), Electrical energy storage, Thermal collectors, Biomass
boiler, Photovoltaics, Waste heat recovery, Near-to-surface geothermal energy, Waste-to-energy, Large scale

storage, Deep geothermal energy, Thermal storage
Mobility & ‘Clean fuels and fueling infrastructure, Electric, hybrid and clean vehicles, Bicycle infrastructure, Car-sharing,

Transport Intermodality, Urban freight logistics, Car-pooling
‘Building energy management system, ICT as planning support, Mobile applications for citizens, Smart district
ICT heating and cooling grids demand, Smart electricity grid, Strategic urban planning, Traffic control system,

Demand response, Neighbourhood energy management, Travel demand management
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B AolqE EUs 2nle AE Zede % 2 dye] W dgas 9y
248 zete AlE Aol el Arnd dch ¥ 2 4 ZYE EU SCISZ
gafe] 2A4F Ux A7E 2ve AE ZzAsot fed4 dAHw e &
1748 olux A48 2vte AE Zzde s AR, 559 A A=

o] Lhehit

e

H 2.2 Energy—saving smart city project

No. Project name bllﬁ?digés
1 E2ReBuild 4
2 EU-GUGLE 8
3 SCHOOL OF THE FUTURE 7
4 Sinfonia 4
5 ZENN 1
6 R2CITIES 1
7 SMARTER TOGETHER 7
8 PIME’S 1
9 A2PBEER 1
10 P2ENCURE 9
11 EuroPHit 12

Sum of No. 55

A< ZgAEdE EU-GUGLE, Sinfonia ¥ A2PBEER7} ¢t}

EU-GUGLES 2020077 2=mlE Algle] 7AZFEd r
BE s dUAE 0o /A4 HEE 2d S B2ge 3l o]lF 98 A
Solo A FES] AvtE fRUEIS HAEte] o] Qo] W Tled, A3
AA, AGH A4S AAstzx ==k EU-GUGLE Z2AEeEx: Ao
Tamperee] ¢]*g Tammelaz] 9 Al#|E A At AT o] AL B4 HAr vz
Aol A AE FA Ao, gt AFEo] 1960 FE 1980 o] o] ==
A7 A ojz] AR 7 3 EU-GUGLES dxt3 o= 871 AW 7150 o
3] 2013.4.1.-2016.12.3L.¢ o2& 7|3k w<t @2dy #gS AAHem, 1 F 4719
AZEo] s 2017.3.1.-2017.12.319] o2 7|7+ Zot 27130l z]S A A gt} o
e Z2AES Tl 8/ Udel Az AuyA AMEFE oF 50% HEHAHAeH, o

£ 129 AUA B BEGE 0%F $EE A0E YetThy,

_']‘]_
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Sinfoniax= Al¥ 29l Bolzanool| A 40-50%<] 9z} o= A7S GA S,
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AN AFHEL 1960d )

sto] A Agn]7E Z 2 o),
A2PBEERE 2013d%-E 2018d74A EU¢ 72 Ty 9= Zradox (43S A

dutol 1171=re] 217 SEY7E Fojgh A ZEAEo|tt EUx 1990d 3% iy

205074 247k~ wiE S 80%7HA] 1A o Fol7] S8 w=¥dti e, o

W AE Fio] A HE F stHolth ol VE wF AFEY AFUE

YA 28lE £ Agent g & dvk &3 v)E A

3l A2PBEER= wlRdg 3 2 S22 249 Hda4

A A2PBEER 2= S =

A AREFS 30% ol EY AL, A AR AET edE EEE 5 UdSS

9] % ek

r
;

o Ay
i
lo
=

15) EU-GUGLE. (2020). http://eu-gugle.eu/

16) Sinfonia. (2020). http://www.sinfonia-smartcities.eu/

17) CORDIS European Commission. (2020). A2PBEER(Affordable and Adaptable Public Buildin
gs through Energy Efficient Retrofitting). https://cordis.europa.eu/project/id/609060
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18) E2ReBuild - Industrial Energy Efficient Retrofitting of Resident Buildings in Cold
Climates - D2.2 Demonstrator Oulu, Seventh Framework Programme (FP7).

19) SMARTER TOGETHER - Final report on the low-energy district achievements in Lyon -
D3.3.2 - Version 1.
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X 2.3 Renovation techniques for energy performance

Project . .
Renovation techniques
name
@ ME\E(NOCUKIERHOO:{FMAY“N 'L;V‘"‘“
exterior cladding ANAANNNNNYS
—— — — — ST T THEELECTRIC UNDER FLOOR HEATING S ADJUSTEDWITH
V- THIS CONTROLLER, THE TENANT PAYS THE ELECTRICITY OF THE |
) TES-element RENCIONAO e e et
E2ReBuild
- — — AAAAAAAAAAAAA XA AR AAAAAAAAAA xllxxlll}.lll‘
existing concrete @i Eab e e R o EE R
+ interior
Components of the TES facade Monitoring devices in building
Data from common areas
. = Headting (energy consumption, iABos
9&3 heat power & load rate) 10 minutes
= Domestic Hot water L
u (energy consumption) Data
. _ concenfrator | Lyon Métropole
¢ EIecfrlf:ﬂy of common areas ) \\(] per building) Data Platform
= | electric consumption ( ) TR X
(lighting, heating substation, Enedis [daty - e, ~QDATA
SMARTER ventiation, lift) & load rate &FOOdA;GLe 30 min.) B —»
+ Mod-bus a P
TOGETHER (sub-metering : 10 min). "/
Data from households Enedis
: (daily
— | Household electric consumption & [ocad rate |
| (daily : consent needed) " 30min) [ Wired |
» / 10min,
( Household internal temperature (10 minutes) /
Data flow of the refurbished buildings in the SMARTER TOGETHER project

4
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H 2.4 Research for energy management in building level of

smart city
‘?‘;égg Research title
A Study on the Energy Planning
Oh et al. Technique of Smart Green City : Focus on
(2015) Application Condition in Multi-functional
Administrative City, Korea
. Convergence technology between
Ba&%lglm construction and IT : The -case of
development of smart building technology
Cho et al Utilizing Public Data of Building Energy
(2019) : for Fault Detection and Diagnostic Services

in Smart City

One step forward toward smart city
GOHC?%%%)et al. Utopia: Smart building energy management
based on adaptive surrogate modelling

Sembroiz et al. Planning and operational energy
(2019) optimization solutions or smart buildings

Indoor temperature  monitoring  using

Ch(eéloz%) al. wireless sensor networks: A SMAC

application in smart cities

Daissaoui et al. IoT and Big Data Analytics for Smart
(2020) Buildings: A Survey

Daissaoui et al. (2020)& ArlE TAE wE7] 9sto] tAE [A3 Zzx a2

pud

Ao QoA Fo UAY EA=, A% Pobel Wa 2 4w FYH Nee A
Atk W@, @Al svtEdy v Asge] T % wdoly 43 Bad 44

N

HESIG T2, 3 Goncalves et al. (2020)& AvlE Al SE3 oS A&HE 7] ¢3

Gl AFAre] d4 HAALS AA Fa AUA LHlE HasHekE AT

=

oay
it m{u
)

E A Al 2="(ISPC:Intelligent Supervision Control)g =93t} o] ISPC A

g2 wAYd 7EE vEeR 3 AT £ e derRdS s d5Ed
A&7 dS Fodn 3L ISPC Al~gle 317 Au] Al~glozRE Sy A
AN A&} H]E SR elA ;?i%@% AR S Ason, AF5AFER ofye} 7]E
AEE AL 7153 Ao U . Sembroiz et al. (2019)= AulEHI ] oA

23) Daissaoui, A., Boulmakoul, A., Karim, L., and Lbath, A. (2020). IoT and Big Data
Analytics for Smart Buildings: A Survey, Procedia Computer Science, 170, pp. 161-168.
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= Atelm-me A A7 g e ALSAAT ol A%E U] ANE 74 A zE
AAE e me U BeE Eolt 1A 227 stk of died A
$8 F2YNE B AAR ALWE el A AL el BARE oY LEE

L, o]eg ZeA
e 2vhE A
B A oUA vl delEE
2187, o]2 Fd UAE TEHoR BSHH AFAE AT YR

Age oUA A wolt wmeld oA, oux A
S| [

=84 HA4% YA d3E HixR e fE

il
N _{),
30,
b =

24) Goncalves, D., Sheikhnejad, Y., Oliveira, M., and Martins, N. (2020). One step forward
toward smart city Utopia: Smart building energy management based on adaptive
surrogate modelling, Energy and Buildings, 223, 110146.

25) Sembroiz, D., Careglio, D., Ricciardi, S., and Fiore, U. (2019). Planning and operational
energy optimization solutions or smart buildings, Information Sciences, 476, pp. 439-452.

26) Chen, S., Zhang, L., Tang, Y., Shen, C., Kumar, R., Yu, K., Tariq, U., and Bashir, A. K.
(2020). Indoor temperature monitoring using wireless sensor networks: A SMAC
application in smart cities, Sustainable Cities and Society, 61, 102333.
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Assessing specific mediational effects in complex theoretical models,

(1997).

27) Brown, R.

Structural Equation Modeling: A Multidisciplinary Journal, 4(2), pp. 142-156.

_‘]8_

Collection @ chosun



AFAE oEHY AR wgoR BIWFE TASGE FANGE HAtw, Y
AeE 2o BAE B AT v ALTh oesl Wa Aole] wAE Al @
b7l S8l FuPe ad & o, PP myeld FRuge A7, o
9, 9 ST 50w AW 5 vk

‘Structural
‘Measurement component ‘Measurement
component component

! !

M
Exogenous

M2

Construct

lX‘ j-x..l W‘

Endogenous
Construct

Ay, ;erl &

I8 3.1 Path model of SEM
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a9 319 ARRYES FH WA Ryl v|E dYE Az g 9 1
%]oﬂ/\:{ /1;511/1127/1x3,/1y1’AyZaAy3’8—t‘ 73—%74]%:% ]/]‘FJ—LHU:]: O]% %ﬁ]&lgi E%é}'?‘j T:I_%
3 2,

Xi=Aamte, Xy=Amte, Xyg=Amte ———————————————— V)

Yi=2amtey,, Yi=2AmTes, Y =A,7,1e

7y = By +d,

9 BAAE o] gt Bgd TGt ARAFE AL £ AL, =3 2y £
e Bkl FRALe] Aite] sbsdlth PaEEAY mgd JE de: 9 2
g B3 ANsE TRAGH AA gol e mre e AT Aol
% myoRvE F¥ FRAYLS QA dolHeld e ROV Ay
FRAALe] HFH FANES B5E AAs: $4e WS, mae] 4 TR
FE(% 3 DY FRozrRE JHd F2APE(F 32)S g3 Zo] xS + 3
=3

H 3.1 Estimated covariance matrix
X X, X, Y Y, Y,
2 2 2
Ade,h-erl
2 2 2 2
’IX/IXZ% /1X20,71+032
2 2 2 2 2

A XIA X9, A Xz/l X9, A X0, + o,

Ay Ay Bo’ Ay Ay B’ Ay Ay Bo? Ao,

X Ylﬂg’h X, Ylﬂo‘vl X, Ylﬂo‘vl + 2 2 + 2

del 654
2 2 2 52 2
2 2 2 AYlA Yzﬂ 071 /1]/23 6771
AleY‘zﬁo-”l AXZAYZﬁO-’YI AX°./1Y2BO-’71 2 2 2 2
+ Aylxlyzodl + 45 crdl—hfe5
2 2 2 2 2 52 2
2 2 2 AYlA Yaﬁ 671 AYzA Yaﬂ 671 AY%B 67/1
/le/leﬁo"h AXz/leﬁ()"h AXBAYSBO"“ 2 2 2 2 2
+ AY]AYzO‘dl +/1Y2/1Y30‘d1 +B dd1+dee
- 2‘] -
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H 3.2 Observed covariance matrix

X X, X, Y Y, Y,

Sk,
Sy x, S,

X, X, SXZX S)Z( 3

X, X7, Sx,y, Sy,
SXl Y, SXZ Y, SX3 Y, S Y, Y, S 123
SXl Y, X, Y, X, Y, S Y, Y, S Y,Y,

- 2 2 -
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Model specification

|

Model identification

|

Model estimation

|

Model testing

|

Model modification

!

Selection of final model

18 3.2 Analysis procedure for SEM

28) Bollen, K. A., and Long, J. S. (1993). Testing structural equation models. Newbury Park,
Calif: Sage.
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3.2.4 A= ¥ 7}(model testing)

| sk Qeht 23

SRR

3} .= %] 4= (incremental

I
T

3|
S|

e = A4 AA T A5 (absolute fit index),

.

fit index) & T

7 ANAEA S

B A5RA

1

o

A% @

s

]

e

9 A=7 deht o

[e))]
H

3}

T vy

A

O~ -
T

]

2*(CMIN), GFI, AGFI, RMSEA

S

TR
"

U

of glow 1 ojuls wer JFe e 2ok

=N
(e}

(1) x*(Chi-squareCMIN)

;wl:

1> (CMIN)

3t

b1 9

5

2 _
O, 2 BrRe R4E F4

Els

o] Aol p-valueE A&

o
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o] A7 1S W FHN-1S 53k
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# Szt

p
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7 2

Jo

hi4

gk A7IAM fy ke Aot

oz e

}
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RERL

e
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o] ‘badness of fit o 2w E&r}

A HER7]

=
5

o ghol Ae% AFE

B 1)fML —————————————eeeee e (3

2=

Multivariate data

(2006).

and Tatham, R.
analysis (6th ed.). Upper Saddle River, New Jersey 07458: Pearson Education, Inc.

Black, W., Babin, B., Anderson, R.,

32) Hair, J.,
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9] A& Bel FEO MUt BoldFE SR AXAA Hol TR A Rz
A ks & = Arh wEkd 2F AolE AFeIRY S A E(degrees of
freedom) & i F 223 (Normed chi-square)S AF8-3h AMOS X2 1@lo] A= o]

Z CMIN/DF& Uepdtt,

df = L) (p+ D] =k —=mm e 4)

|, pmBEUE AF, AR A5

(2)GFI(Goodness of Fit Index)

GFI=1 . (5)
=15
% FARRS kE o8l 248 A AFFE, FARRFA 00 we] AT
4

APEst 2 Y F/RY ol 433 485 s, oz e 24

&2

=2 0]

ot ol gk GFI gho] 1o 7p7b&
AL oulstn, 0ol 7phess AT
u] gk}, Hoelter (1983)% GFIzke] 72
Aee Ao g Astgis,

& 2P FIF Kok A b2A 7] W F/Rglel daHes & Ae o
N TR L FAFRAYLo] AA

wgo] A4 wolEel FiaA R AL o
Q

S durg oz 09 = 095 oY Fg myol

33) Maiti, S. S., and Mukherjee, B. N. (1991). Two new goodness-of-fit indices for
covariance matrices with linear structures, British Journal of Mathematical and
Statistical Psychology, 44(1), pp. 153-180.

34) Hoelter, J. W. (1983). The Analysis of Covariance Structures: Goodness-of-Fit Indices,
Sociological Methods and Research, 11(3), pp. 324-344.
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(3) AGFI(Adjusted Goodness of Fit Index)

HYe 1P RO, GFIF 2ol Afwd oa £4% oIk

e k
AGFI= 239 HxAol dldste] GFI gtRoh A Webue, GFIgE vz 2 19
o

FEes S7bbe 44e AT de WY, AGRIE AFE7}
=

Agolle Fol Skt vk

RMSEAE: 7lzte] tha 7balel, 2 EAWE A8de W wAss A% £33
7] 913e] AbgE T

_28_

Collection @ chosun



By EE #Ssuase] AR #AVE flva 7R’ null®
Alagk Aewx TLL NFI, CFlge] glew 1 oujst dd

(1) TLI(Turker Lewis Index)

TLI:= 712283 o @ dAes 28 Aole] Woldl Ang 71zngsw o4

A g5 2ol Ad e

&2 HAosts WA olth TLI= NNFI(Non-Normed Fit

Index)#t11 % 3, EA o274 =4 ndy 7|F null 289 4384 nas sk

e A4 CFIst Agd oz fA8t®, TLI: Fsise] 97 Somz 1 gol

0 Wkl AY 1 o] 3 <

B
#te 7HAM TLIL glo] =

A AFET

ATk ey dwbHow ATt 2L wFPYL 1 Tt

o mye gol e myd wal HFEs o o AL

o714, N3} ke 27 null 283 AAE 2gS 7HE i TLIE 8 8s o] A
1 7

wol Aol CFIs A3

35) Tucker, L. R., and Lewis, C. (1973). A Reliability Coefficient for Maximum Likelihood
Factor Analysis, Psychometica, 38, pp. 1-10.
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(2)NFI(Normed Fit Index)

IN—Tr  XnT X
= - ———————— 9
fN X?\/ ©

NFI= A =

©, fy = onull RN AEF ARE G5 @

fr = null EPRGE A o & dA|shs B AFEd A=

ot
&
2

2y = null 2N FrolAlF SAH 7%

2 = null BgRge Az o 2 dxds 289 stolAy EAF &

36) Bentler, P. M. (1990). Comparative Fit Indexes in Structural Models, Psychological
Bulletin, 107(2), pp. 238-246.
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(3)CFI(Comparative Fit Index)

CFI= NFI9| 7jd® SEAFAFILH. CFl: mde] Ao & ud g4

B % F shvelth CFIge 0%
Lapole] wigl® o =& glol o & Afds dehfes FHskEw, Hair et al
(2006)0] wh=W AnkA oz 7 gho] 09 ol ¥ W +8&F & Urh

5 A e 540 Bl

2
—d
CFI=1- 7(}(;6 L — (10)
(XN_di)
A7M, ki ATAY] 54 Bd E £ dvs, N& EAH null 2ol
g YERT EmE o] T AfERT S A A %(F, 02 A

Fol 4 4S 03 1 Abolo] gro= sFisheit.

)
uc)

o

3.2.5 29 A (model modification)

37) Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventinonal criteria versus new alternatives, Structural Equations Modeling,
6(1), pp. 1-55.

38) 54 (2011), FRWHA RGN 2R BAY 2E= AT d1E, s=lste, gfAapst
A=
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B oA SR dUd $45S U /1EdT 12 BUY 1e oy
= el

A A7E AnlE AE Z2AEZ Ed =35 A2 ¥ A4S AYsanh =
T AFES $48 AHE VEdTE B3 24 Cho et al (2019)9F Cho et al.
(20202)& =F3te AFES Fdow grda)s AAsta, old w& AAA a3}

ox,
oy Mo

& £
BT ATl o) ARSAAE ARAYE FAW) A 2 FARES QxS

9%

7} S (years elapsed since construction), 1= HP%L 2 (building area)o] X355

t}3940), Cho et al. (2020b)& =% AF

o
o b
oX,
I
o,
ik
td
i)
ot
2
2
N
re
=2
=)
W

al,
¥ ¢] (renovation work Scope), o™ A (gross area of floors), 7A=%E Az} A4 (years

elapsed since construction) 52 Aot tHl, 7|3 uz Ay AEFEo H£A4S

39) Cho, K., Kim, J., and Kim, T. (2019). Decision support method for estimating monetary
value of post-renovation office buildings, Canadian Journal of Civil Engineering, 46(12),
pp. 1103-1113.

40) Cho, K., Kim, J., Kim, T., and Hong, T. (2020). Model for predicting price change
patterens in multi-family houses post renovation work in South Korea, Journal of Asian
Architecture and Building Engineering, 19(3), pp. 230-241.

41) Cho, K., Kim, T., and Hong, T. (2020). Estimating a Risk-Integrated Schedule Delay for
an Office Building Renovation Project by Considering the Project’s Attributes, Journal of
Management in Engineering, ASCE, 36(2), doi:10.1061/(ASCE)ME.1943-5479.0000732.
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Add Wee ¥ 419 2ok
H 4.1 Literature review of building characteristics
Existing
_ ~_research Cho et al. Cho et al. Cho et al.
Bulldmg‘ - (2019) (2020a) (2020Db)
characteristics
1 Gross floor area | household unit area Number of floors
2 Site area gross floor area Gross area of floors
1 1 . Years elapsed since
3 Building area building footprint construction
4 Number of floors | number of unit houses | Renovation type
Number of un- Renovation work
5 derground floors number of floors scope
Exclusive rate of | years elapsed since , .
6 the lease area construction Owner's experience
Building cover- . Designer’s  experi-
7 age ratio type of heating system ence
3 Floor area ratio reputation of the con- | Engineer's  experi-
struction company ence
9 Number of park- number of parking lots Contractor's experi—
ing spaces ence
Number of ele- .
10 vators unit plan
Years elapsed
11 since con- | administrative district
struction
12 Walking time to | number of rooms in a
the subway household unit
number of convenience
13 Officially as— | facilities near the
sessed land price | MFH (multi-family
house)
. distance to the nearest
14 Renovation scope metro station
Educational  environ-
15
ment
16 distance to the neigh-
bourhood park
distance to the bus
17
stop
18 distance to the general
hospital
19 view from each unit
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g, B oA Fo B4 gl §3 A9 ~nE AE Z2AEE g4 U
ghol A B AT web AEe] 9XE YElE dEg A A8 5HS &
YelE g9lolgt & & Utk B3 A= AR, A A5, T, TAF dHEHE
83 Aol & 4 Ak agm AZo] wigtrm e e dxEn #wHol
do] AE e 24 Ao FoF d4TE Frh NFo Y AEo R, dde
2ge Hekd dd Ax A Fo3 IS d Aow oFHT F 4204 2 5 9l
o], w33 AE9 A4S gLy o] 107kx 2 A=A (C1) 9] =:Latitude,

]
(C2) 7 =:Longitude, (C3) AF&&=:Purpose of use, (C4) 7A=E A3} A4:Year of
construction, (C5) #l= 22 FA} WA :Area of remodeling, (C6) &< :Story, (C7) A
2ol XoShape of building, (C8) =A%9] X%:Shape of roof, (C9) 7HEo W
& :Direction of building, (C10) ¥# <] E}}:Type of Facade.

H 4.2 Project characteristics indices

No. Characteristics

indices Definition

= 40°<7<45°, 2 = 45° < 7<B0°,

Cl | Latitude 50° < ~<55°, 4 = 55°< "~

T<0°, 2 = 0°<7<10°,

C2 | Longitude 10°<~<20°, 4 = 20°<~

residential, 2 = school,
office, 4 = monastery, 5 = hospital

C3 | Purpose of use

C4 | Year of construction = 7<1960, 2 = 1960’s, 3 = 1970’s, 4 = 1980 ~

~<1000, 2 = 1000 < <3000,
3000 < 7<6000, 4 = 6000< "~

C5 | Area of remodeling

1,2 storey, 2 = 3,4 storey,

C6 | Storey 56 storey, 4 = 7,8 storey, 5 = 9,10 storey

rectangle, 2 = L-shaped,
atypical shape, 4 = unidentified

C7 | Shape of building

flat roof, 2 = gable roof,

C8 | Shape of roof hipped roof, 4 = unidentified

south, 2 = west, 3 = north,
east, 5 = unidentified

C9 | Direction of building

flat/concrete, 2 = flat/masonry,
nonflat/concrete, 4 = nonflat/masonry

C10 | Types of facade

WH AR WH [ WH|[WH W = (W W W
I
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4.2 EU 2vlE AE oduyx] A7 7<=

AUA e 2vtE AlY Z2AE ALEFH
7 Zol F 9N dEAQ BRYEd JeR A =)}
A Ay 2vtE AE ZRAEqA 2F AFH VE2 FAE At o
NeES (HHEdsS 9 U 588 Eole duyA Az 7le
o FAEWall insulation, (T2) whel ©<d FALFloor insulation, (T3) %
insulation, (4) F& ©@d-FAHWindow insulation)™} (ii)oly=x] A2 71&(TH)
W Heating, (T6) =444]:Hot water, (T7) 3}7]4d¥]:Ventilation, (T8 A

H]:Lighting, (T9) %33 A28 PV systemz Y& & Ut

TI-Tde 7b7F 9A, et Sd, A%, Fo] dd4ss & qux 588 ¥°l
= Yrdy 7S oguste, T5-T9: oUx& Aatsts 7€ 52 874 v g 9
licia=

X 4.3 Renovation techniques indices
No. Renovation Definition

techniques indices

N e P s A e g
0 (T 5 O PR e A
T3 | Roof insulation lsj O.}JSZTZO.:LU%JSZ <~ L %19 T\Io<‘?ei}2m1q%1e :apptlie(()ilz
T4 | Window insulation l EP - <0. 852_ Ngtgfh?nqié lapf)he dU L1=7<14, 4

1 = Heat pump, 2 = Condensing boiler, 3 = District

heating, 4 = District heating + Heat pump, 5 =
Heat pump + Condensing boiler, 6 = No technique
applied

T5 | Heating

Domestic Hot Water, 2 = Boiler,

T6 | Hot water No technique applied

Mechanical + Heat recovery, 2 = Mechanical,
Heat recovery, 4 = new ventilation per room,
No technique applied

T7 | Ventilation

QT —=|W—

1 = LED, 2 = Automation system, 3 = efficient

T8 | Lighting lighting system, 4 = No technique applied

1 = ~<20,000Wh/yr, 2 = 20,000Wh/yr
T9 | PV system ~<70,000Wh/yr, 3 = 70,000 ~<150,000Wh/yr, 4 =
150,000 ~, 5 = No technique applied
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4.3 EU 2ulE Ag oz A7 A=

oldel RdY 7EES A&, EUY ~AntE AE ZRAESLS FE3 v
oz A7t A¥s =FoATh HEZQ o2 SMARTER TOGETHER =&
A B WE Austriae] Vienna A9 AR ¢ “social housing Herbortgasse 43" &<
19299l 18 s)o} oA A Zle] ok 2728n’ ] dPdate WAE nd
TAE AAE], 155kWh/myroll A 61kWh/mlyrz oy =z A8 2x = 3t} o
FAH= 2350000€ ©f FAbZE AREACH, FA A7 AL AGAT oA
4718 gRdy) ZRAHAES F8 RRE T A T 4494 B F Akl oy
A e AFxE gy o] 87HA = Atk (P1) oly#] d7F < Energy savings,
(P2) olyx Azt 170" oy x A7 Energy
savings per one month, (P4) ©¢ 7174 ol x] A7E Energy saving rate per one

month, (P5) %9 oyx Azt w3t A} H]E:Construction cost per energy

)
Im
[t

o
i

“

Lu.!?L
o OLJ

=

N

& Energy saving rate, (P3) ¢

savings, (P6) ¢ oYz AzEo| w3t A} H]E:Construction cost per energy
saving rate, (P7) @9 FAF H|Eo] sk o|ux] AIir=FEnergy savings per
construction cost, (P8) w9 A} H] L] st o x AZrE Energy saving rate per
construction cost.

H 4.4 Energy performance indices

No. | Energy performance indices Definition

. initial energy consumption-final energy
P1 | Energy savings consumption

. (initial energy consumption—final energy
P2 | Energy saving rate consumption(P1))/initial energy con-

sumption x 100

P3 | Energy savings per one month | Energy savings(P1)/construction period

P4 Energy saving rate per one

month Energy saving rate(P2)/construction period

P5 Construction cost per energy

savings construction cost/energy savings(P1)

PG Construction cost per energy

saving rate construction cost/energy saving rate(P2)

P7 Energy savings per
construction cost

energy savings(P1)/construction cost
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4.4 EU 2ulE A E Q99 golg F3F

dolg +3

il

Wete 444 dolE e 24 A4 e YEhe %A doje e 4

Ht}. Hair et al. (2006)]

A

]

H, 2

s

’

ml

4.39]

4294 3%

1 57
—_— L

(5, C3, C7, C8, €9, C10, T5, T6, T7, T8)

o)
=<
A HA do Aeol® npe} 7ol

A~ =
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Ry 7

kel
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S

28

.

w5l
2 oage dele A 4A
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SRR
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o

il

b

It Cl,

S

A7} )L

=
ES

b= elgel
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tach =4, Al

Rk

dolel ®F3lel o& £W, ‘Cl (f1%Latitude)= Z2AE] 9

ki3

5 e 9

T 14, 45% o4 50% wyto]w 2

e

b W%

i

o #14
34,

R 9k:Shape of

CrUARY

WEHE 14, L4 meeld 24, mggol

3

il

B

building)' & A& 9]

42 1),

27|

el

"

HEg 7Fom e dF Fol,

d#FE&(U-value)o] & A4

= AEQ
‘T1(H A ©<EFALEWall insulation)

ehy

7}E At} U-valuedt

3

U-value9] =7 wgt =

[e)
hey
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°] 0.1 o] 0.15 wmwtol MAH%= 14, 0.15 o]4 0.20 wjkolw 24, 0.20 ©]4 0.30

mlgkel® 3%, 030 ol golw 4%, A48 7l&ol 9t A9t AIHE 58 ol

e AFeld, TeAE o uj oyx AHHS HEHQ AFTE AFESIL
TA 712 2 FA vl go] e FUHEIT & & £
e Energy savings per one month)'¥= Pl(e| %] A7Zr=Energy savings)ztS oY
A Az FAF 7o U oz, 05 oA 47 wivke JdHE 14, 47 o4 9.0
274, 9.0 o]AF 37.8 mvto]w 3, 37.8 o] 66.7 mwtolH MIHE 475 H
At o 7] A 05, 66.7, 9.0 Ztz FHEgk, HHA
AA Btk HEegke Htghol 37.82
S Ygrjgtth UA dqyA 3 Aee 5L Wyor SASGATHE 44 Fa1).
oodqt= 11709 EU Avte AlE] Z2AEE ALste], & 55709 dlolg AlS &
Qloul o Holg AE AZe %A(CI-CI0)e] 1071, olux A7 714 (T1-T9o] 9
A, A A3k s (P1-P8)e] 87/f= A= o] AR 45 Fal).

#k, %iiﬂ dlelel o] Fd s ovlst
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4.5 Data set for SEM

1T
a

Energy performance

e}

[a ¥

M [aN] — | | —
mm e ||| =] | o
m ™ ™ I I I IR G N I e e
H o N ||| |m| ;o | < <
nTv o~ 0 — |00 ool |v|c
oTo < o <t |t | s < s | <

3

Uw [aN] Lo — | —H ] H DD LO|

o'

g

o = — 22 —|nmm|maca|;m| o

S| &

8o
- N < —|n|m|la|—~|a|on| oo

[«

S =

+ Lo — N[O ||| |||

s B

2

nm N o) |||~ < e

3}

[as]

m ™ o o~ o] — ||| e
ﬂ [aN] o AN ||| O3] —
o
O
mw e <t Y PN [ Y PN g S P A

S oo

.UC — — AN | A MM M|

Z

Hm [aN] — AN A ||| ||

13

s X lap) <t — e O | O | | — |

a5 O

®

..m% o o — OO [ — [N

=

8 S ™ o) — ||| <=~ e

RS}

m“% — — S FoNT RN N R aNE S FoN T FaN | [y e
mdv ™ < —| <t <o |~ || —
n.lb. o~ < — == e |~
O
2] < o ~oo|lm|ol—am <o
mw — < || <D0 |00 10|10

_39_

Collection @ chosun



T

442 AZZ B

ol u]

1

R

2AE A
&7 o)

hyA

TN FHF 2¥E AY

gl

i3

g,

A
A

=
T

ol
17}

Aol s

3

o} wlelE e 2

o At v

= &7

g FU ZRAE
2AET} Y

KA

Bl
B

==

T
el
L

=

ok 1
=y

A

A4

1513

(MCAR)& ©]

b o]

=

hs

°

=

=

k)

X
3 A 2 HE o
2|

=
=
]
&

& oF

S

] = o oF

2
&)

, ol
AZ=(MAR: Missing At

7]
T

o

[e)
=

Zghe
i o)
72915

a3

5

o)

b

©

A| Al

=

=

b el H

ko)
pad

g kel SkA, dlo]E Al

(MCAR: Missing Completely At Random),

=

=

X

il
!
K
Nd

o))
N

oF

B

el

oo=A4,

=(MAR)2

=

SERE-E

A
2

N
H

(5

)

o

3} )

ojn

t}

ol

_40_

42)

Collection @ chosun



o} m m .é_; o 9 T o o Eﬁ hin s G S N il w T
" 1wv Z o 3T & m X w W - = % uw & M- n o
© © A M \‘,H_” - a ) ﬁ o —_
CGF FLTIRInEE OFETLIT OIE
o = e m N ow = - RGN )W
0 ~ _ : —_ X - pty
~ = o T _ ° g M o~ RO
TyPE mofizEXE C oy f Wy
\ c  — W N ~ —
AS Mg g™ B o RN - B T =
E MY om A wr D e o
g W o KW T Aoy T o~ g MW op T Ak
9 38 ¥ K oU Sk mo - 2o 2 - o B
T g T s E R N IR A T O
%mﬂ%mﬂﬁa_aﬁw ﬂmmmo,.ar.wr%ﬂmwgﬂ =
o % o i ) B T >k o 7o %O
N Zm uqm wjr % X R o) N o ol o of R = N fm NH wm - w_m %
TS SgwXT@Taelrxt™  EX "y 25
P g e T sgas N BB gesd T8 5
2T AR TR bW g SRR o F 7
—_— —_ — 1 g J— ) | f
T o o N M/ A NS N o = ] < w_g =
o W o Fu IoRE W w %W
T oo 8 N E ﬂzﬂyﬁ%ﬂ%ﬁy%? oy N -
= X m ‘Ul ﬂ_% Oﬁ dlL ﬂz_l o ﬂAl\_ &O o T ,,WI,A o o 1* = )| ﬂm l
E =T~ G ST N
—_ —
P . EEN RS -3 0w o W odo m- W = 2 T R
ZT =0 — o _ni m V —,i = ;oo dum wlA_! = = 1Wﬂ EE (%) ﬂw 7
N T ¥ TR T oah oy oy O oS MR <
SE®ProLTp TEEmaEgEN oW
= Wt H oW o T 2R o A
PEEw_ B ies LEepEianl ww
- " MM A W2 T B e A
ﬂm%ﬁe%@ﬂﬂ%ﬂﬁawﬂa AN ST - -
iy m ‘1~_/|| N g mAT = =® Mo ol 0 W W Wﬂ_ s M =) Mﬁ %0 ,,mvlﬂ il
meuﬁ,t“mmo_.%mu] W ﬂm%ﬂm? ATL
T2 o HT B P heETE R B
g — - ~ i vy
o ws o} MOE o ___% i m g ﬂdﬂol oy % N w 5 _WT i _%L N MM
ﬁ.m%ml/mamoynﬁamﬂﬂﬂmmﬂ%lﬂﬂ.mﬂrW%@ﬂ%
B m 2T 8 X Gl = - = n_Au,_ do =@ o) ”_rm s 3 - I o =
s £ _2 3 by _xl@g gl RN ® o
) vﬂAy B B m o ¥ T D . o o Y 21 %W ™ N
S s S S ol O B P ' N o AR la

<
T

A Aot

o
Society, Series

ok ey 39

pul

kel
Maximum Likelihood form

A

A

(1977).
Journal of Royal Statistical

and Rubin, D. B.
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IFAEH S T U2 Hxo AFAAFE AHE

Analysis of Incomplete Multivariate Data. New York: Chapman &

(1997).

pp.319-342

43) Dempster, A. P., Laird, N. M.,
Incomplete Data via the EM Algorithm,

B(Methodological), 39(1), pp. 1-38.

k=
Hall.
45) Tanner, M. A. (1993). Tools for Statistical Inference. New York: Springer-Verlag.

44) Schafer, J. L.
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H 4.6 Result of frequency analysis

N missing
Variable | valid | missing | value
value value rate(%)
C1 55 0 0
C2 55 0 0
C3 55 0 0
C4 50 5 9
Ch 53 2 4
C6 54 1 2
C7 55 0 0
C8 55 0 0
C9 55 0 0
C10 55 0 0
T1 48 7 13
T2 52 3 5
T3 54 1 2
T4 51 4 7
T5 55 0 0
T6 55 0 0
T7 55 0 0
T8 55 0 0
T9 52 3 5
P1 53 2 4
P2 53 2 4
P3 31 24 44
P4 31 24 44
P5 35 20 36
P6 35 20 36
P7 35 20 36
P8 35 20 36

46) Allison, P. D. (2002). Missing Data. Thousand Oaks, CA: Sage.
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4.7 Data set for SEM through imputation of missing values
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A 5% TP wY A

ObA oA A7E ~AulE AE ZRAE AEE uwgow A 29A(F, 7
2

%74, dux Aze 93 grdy vls, dux d7 A9 dolHE FHAT
ofo Wit FxWAY RIS S flall 2SS tiAlcte] ¢ d HolE AlS
EEAH =& vlolEo 4 Al 4A, AEw Hrhrh a7 HY Age
AL HEel NS sy A EAeEM, B AFdAE doly A& T4
b= alo] Abdlel wab ghe] d¥AES FRlsteE BAS vt de #4e S
Aotz sk Abgo]l AlElEZKE d#EHI Fge e 4 F UEA, SHAETE
A el sk Elshe datolw, A Arte] dAMg g Bexdelt

B A3E= gigdos ALexE Y& ddA (Internal consistency)E 7S 3] A3 &
A 1A ALAE LS FEE o] ARBAR BUHEY, §5E ke ddd
A7F Eers WALl =rh & drode WHdd 435S 98 Cronbach’s
a AFE olgstd AFzkel diAE delE Al AE EAS AAES

Cronbach’s a Al 004 1 Alele] zk
5]

47) Sharma. S. (1996). Applied multivariate techniques, New York: Wiley.
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t}.

AbE 2 RE A8 dolE Ao AFw FA4AF, HZX Cronbach’s a A4 ko]l 0.501
2 Uyttt el ASgke] gol A EE AdstE 29 P73 P8E A7sA AL, ]
uj ¢] Cronbach’'s a Al gko]l 06172 7]Fx¢l 06Kt =4 YEMET wepd 2 A
T oy AE ~utE AlE] ZRAERRE AL doEe A F de AL

2 JE,

I 5.1 Analysis of reliability

Initial Cronbach’s a Final Cronbach’s a

0.501 0.617
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. g
RHoFE 2y AAE Yz wholsEolA HE=Z olE /‘g/‘éﬂrxé(theory generating
procedure>°ﬂ 7Wgta, deol¥] A &4 (data driven)?l A 7S Wi & £ QlTH90),
T BRYEL = Y #AE aEste] ZAARMTE Atolo #AS 7=
BEE & AAsof Ik 2 BES AAS IO A FAWMFES AAdoF Tk
Hair et al. (2006)d] W2, ZAMFE ofd AT7e |28 ugow MASAL &
A9 FxE 7HAsHA ¥ B4 2d8MS T AATS & F AT 2 A
A e A0 #d gATAMTE FAF eEAES 3 4
245 Apg-ste] A E A
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49) Stapleton, C. D. (1997). Basic concepts and procedures of confirmatory factor analysis.
Paper presented at the annual meeting of the Southwest Educational Research
Association, Austin, TX, January, pp.23-25.

50) Van Prooijen, J. -W., and Van der Kloot, W. A. (2001). Confirmatory analysis of
exploratively obtained factor structures, Educational and Psychological Measurement,
61(5), pp. 777-791.

51) Kaiser, H. F. (1974). An index of factorial simplicity, Psychometrika, 39(1), pp. 31-36.

52) Enders, C. K., and Bandalos, D. (2001). The relative performance of full information
maximum likelihood estimation for missing data in structural equation models,
Structural Equation Modeling, 8(3), pp. 460-59.
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Sample size in factor

22.235
41.036
54.283
66.970

variance explained(%)
(1999).

Cumulative percent of

4
0.068
-0.030
0.119
0.196
-0.263
0.069
0.256
-0.023
0.865
-0.567
124.177, df(degree of freedom) = 45, p = .000
and Hong, S.

0.243
-0.506
0.058
-0.021
-0.086
0.282
0.224
0.931
0.010
0.026

- 48 -

-0.064
-0.014
-0.300
-0.336
0.750
-0.739
0.720
-0.121
0.029
0.174

5.2 Initial exploratory factor analysis

1T
el

Factor loading of component

St
0.858
0.773

-0.606
-0.595
0.081
-0.064
0.230
0.032
0.318

0.062
540, Bartlett

C5
C6
C8
C10
C2
C7
C4
C3
C9
Cl
KMO

analysis, Psychological Methods, 4(1), pp. 84-99.

Variables
53) Kline, P. (1994). An easy guide to factor analysis. London: Routledge.

54) MacCallum, R. C., Widaman, K., Zhang, S.,

7)1 8-kl 252 A4
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5.3 Result of communality
component analysis

Extraction method : Principal

Cl
C2
C3
C5
C7
C8
9
C10

Variables

WA, Al 25¢W 35, pp. 521-541
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i 54%¥ IR Ve 1xg 2 A A Aew ]E]”“ W
w A AR AT
59.931% % YEMSTE 7ZF oAM= zhzE 23.955%(CG1), 19.995%(CG2), 15.981%(CG3)
o] BAaS At A& &HAd #3d JAAAMSTE CGl(Characteristic Group
1), CG2(Characteristic Group 2), CG3(Characteristic Group 3)2 A2t} o & 59,
ZAME CG2E 3709 #=wWMS<2) “shape of building(C7, factor loading = .774)”,

”

~

“longitude(C2, factor loading : -.572), “purpose of use(C3, factor loading : .691

T 98 Aytel A AE A KMOZS 61602 $£83 wdt 50|
H, Bartlette] 784 A4<& Fa (<059 7|Fo] WA gelste] MsE
ko] FAAATE ek YERE
H 5.4 Final exploratory factor analysis
Characteristics Percent of Cu;nuﬁtigfe Components
Variables of the building | Factor variance p\?agieance (exogenous
(observed loading | explained | 7= 4 latent
variables) (%) p(%) variables)
C5 Area of 777
remodeling 23955 23955 Characteristics
C10 Types of facade 730 ) ’ group 1
C8 Shape of roof 687
Shape of
cr building i 19.995 43.950 Characteristics
C3 Purpose of use .691 ) ’ group 2
C2 Longitude -572
Direction of 3 o
9 building 195 15.981 59.931 Characteng‘mcs
To
Cl Latitude 697 group

KMO =616, Bartlett = 59.393, df(degree of freedom) = 28, p = .000
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o] 7pdel 27 FRWAL ByS AASAT. B Ao FRWUAA 2y o4z
A =(CGL, CG2, CG3)e+ "7l ¥ 4= (TG1(Technique Group 1), TG2(Technique Group
2)) T3 WA H S (PG(Performance Group)® FA %ol o™ Az HS 9}
WA A Alole] QIAAAE Lol = FAlol ARAAF} WAZFAHS Aol
N il v E el die] AwrEux dvh wHS(TGL, TG2)E wi/ws
g FASE 8B W FEY, ddAdTE =9 dUA 5&S Eolv Ve

=("TG1")# A Ak 71« (*TG2M) = Yo

ml
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c10
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c3

c1

xT/df = 3.611, GFI : 0.548, CFI : 0.294, RMSEA : 0.220

_1& 5.2 Hypothetical SEM
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H
459 Arndel nllRY(RE FAWFA Az A7 9

CFsl e o A% A A9 ARATEASY 2 = 194

H i, GFIE 09 ©]%, RMSEAE 0.08 &&

0.1 o]atd 5ol o
0.9 o] L

4
Aol w6l AT How DUAGD, 2] FEUAA LU Ag
G7+ A3, x2/df 1 3611, GFI : 0548, CFI : 0.294, RMSEA : 0.
srol =

g dAgo] E7bestth(i 55 Fal).

T 5.5 Evaluation of Goodness of fit(GOF)

GOF Cutoff criteria Hypothetical Final
for GOF indices SEM SEM

x2/df from 1 to 2 3.674 1.255
GFI over 0.9 0.552 0.843
CFI over 0.9 0.272 0.942
RMSEA below 0.1 0.223 0.069

56) Rigdon, E. (1996). CFI Versus RMSEA: A Comparison of Two Fit Indices for Structural
Equation Modeling, Structural Equation Modeling, 3(4), pp. 369-379.
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g3l HgeE FAANA HFE 2dS NEsAT. 1 Ay 879 WS4(C3, C7, T3,
T4, T5, T6, T7, P3)7} AAEAIL, CG2e A TGL, TG2 A}ole] Au#A A=z A7
HA a28]a MEE Alolo] A2 QupdA s FUHE AT HF SEMO Hgtw 3

7}y Azb ZA/df 0 1.255, GFI @ 0.843, CFI : 0.942, RMSEA : 0.069¢} #o] 3w 74

g4 2 4 Qov, GFIg Adsn wF 5§ 122 $FAHE 55 F0). /22

WEGA Fot A%E Aws FAHgor, pERAA 2EdA BE Ant

seg ARE AFE Q7] FUH, B ATE AWAon AJE FE WE
VS|

s1719 ol4bol glrkm BesHAL

=
I

}

ol
K

a9 5304 B F A%l A% TR =P 6/ AATANR(S, dFE
o )2 TAEIL WAMF ARy AElAE 4he] wrE FARL, whA
oz WAFARSEA ZRAES] ouA YFe F 59 wez FAUL A A
A5 IR ALANE, ANE, WALARR) kel BAE 19 2ol FUEE
B Uehdth s E 2ol Jlesel A AL 8 B4 809 A5RH 4@
AoeAd 9% #7% ABIL aYn £A} AEHe] 9A B RAEE FoF

57) Sarker, M., Aulakh, P., and Cavusgil, S. (1998). The strategic role of relational bonding
in inter-organizational collaborations: An empirical study of the global construction
industry, Journal of International Management, 4(2), pp. 415-421.

58) Wong, P., and Cheung, S. (2005). Structural equation model of trust and partnering
success, Journal of Management in Engineering, ASCE, 21(2), pp. 70-80.

59) Gefen, D., Karahanna, E., and Straub, D. (2003). Trust and TAM in Online Shopping:
An integrated model, MIS Quarterly, 27(1), pp. 51-90.
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: Measurement error (d1-3)
ety

. Renovation

=5 Energy saving
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. Energy saving & Energy saving
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: Structural error

x2idf : 1.255, GFI : 0.843, CFI: 0.942, RMSEA : 0.069
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& 5.3 Final SEM among the three factors

_56_

—

(e15)
el

T,
(el

e



61 A% TP 2y = B4

= 24 By ZF Axd digk HI-H9% JAds 3t

of Al slFetE TR LA B Ao, HIO-HI9E AtdlxA1E &
=3 WEE Abolo] #Alo] #3F Aotk F 61 FREA] mgo] HEo o
3 FoAde ATsrl 8 vEsst dFAAS, xes dFAs, Z2EAh
(Critical ratio)@, frol&& pats Fdsfof vk s|AAT] FAA Fold2
ol +£1.96KtF AAY pgkel 0.05:T o FAHom Fosivian gtk
A AAE FF AL e IAE vsy 2ok

(1)CG19] 9&(HI1, H2, H7); C3(A &2 EF), Clo(dH e FH), Co(glmd= FAL
HA)E xgete CGlE TI(HA dE3Ahet T2(nty G2 3ANE £33= TGl
SAA 93FS W 3l al(standardized coefficient = 342, p = .014), T8(Z™HAH])9}
T g3 Al=e)E& st TGell= #4490 9dS VA 2 (standardized
ol = A3+ As A&ES PGl 342 <
Uh(standardized coefficient = 233, p = .036). A &3 Pl ZEFo weg} ddFA A
To YEhE d3Fge Aot Ao, glmddy FAF WAool AAH
o] HojxE Aoz YRt

(ii)CG2e] FFMHY); C2(B=)E xFstE CG2E PGl #4240 JFS A
(standardized coefficient = -.247, p = .042). T3 Ao AA3 AZE2] oA
A M AT ARE Agquo dgder vk Ao ey

(ii)CG3¢] @ (H3, H4, HI); ejke] dzxs} #o] gl Cl(RIR)e CoAEe] W
Fe xFgete CG3e TGl TAAA 93 v lal(standardized coefficient =
279, p = .045), PGollle T A A &S v H (standardized coefficient = .228, p =
036). =7t =& A9dFs Ao &xxrt ol dRFEH] A UERS
W, olux] g A Zol & Aoz YEut ey #de] S ez oFEHS
d TG2(Z=HAM, g3 ANz=f)deE JFE vxA Ee= oz UeEh

(standardized coefficient = .208, p = .100).

I
o
S
&

coefficient = -.377, p

(<3

>
Ay
1S9
o,
olr
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(V)TGle] F&FH); ddds MAe T A &8 Eolv 7les XF3s

B TGl froaass WEsHA &dte] PGl 43S vdves 7Hde 714Ed
(standardized coefficient = -.117, p = .337).

(v)TG2e] F3FH6); T8(E=WAH)Z T FF A=d)E x3stE TG2E PGo|

7V ks HA A ks ux= Ao w UERytH(standardized coefficient = —.683,

AW ko] QAFABAE AL YA ARAAE g 2o md FAHS F
S ke 2R A27E F7hE AT
“74%=(C2) (standardized coefficient = —.412, p < .001)"¢} “gjmdg FA} H
. (standardized coefficient = -.279, p = .008)"= “ZHAB]|(T8)"d] H-A Al
u] H oH(H10, HI1). ¥, “AEo] w3k (C9)"e “ZAH|(TR)"e] FAH 4 JIFe
(standardized coefficient = 431, p < .001) (H12). A%, grd=z FA ©H
Wekel] whel ARl Fiel Zolvt e Aoz YEET

“‘Yrdzy  FA HACH'S ‘vig GEFANT2)d FAEAQ S W HT
(standardized coefficient = .307, p = .016) (H13). o]& %3] W& WA FA7p 3
9 o gddAdES g ugdor st Aoz YErTh

“ZA%(C2) (standardized coefficient = 447, p < .001)"¢} “HE9o FA(CY)
(standardized coefficient = -.338, p < .001)"& “©9] 71703 oy HAHEPL) 7o <
AA e MHATHHI4, HIS). 5, Z2AE9 QX9 A g R FiHo wap &
9 71k A AdEe] WMe des & 5 3

‘Bl GIFAHTD & ‘&9 vz dzEe] didt FAF HE(P6)" F4He 3
S v h(standardized coefficient = 156, p < .001) (HI16). o] H4 ddA &

%

goluA st =g A oA Aol Pl usl uA AR el 4

a4
(@)
&)

of
ofk
if'e

=
2
iy

Y
i
o

d

ZH AT &= “‘?_’r%’% 71349 dyA AREP)Y ik 2 IAAA TS
A UH(standardized coefficient = 599, p < .001) (H17). =

o1]L1;<] A7 Aol dFE MAE Aoz HEET.

‘A ARFPD"S 9] oA Aol tidk FAF HIE(P5)el| F-AH A FF
1] % o (standardized coefficient = -.213, p < .001), “©¢] oY= Az}akol] o3t

N
A HIE(PD)"e w9 VIt R AFEFPD Y] FA AR

_Q

R4
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(standardized coefficient = -.255, p

015) (H18, H19).

Sk E3els] i Plo P5 Abolo] RgAel A3

2)
H B2 vEe FAZ A dluA AdEEe] =&

oltjolet vhe Aws} tebu
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X 6.1 Results of significance test for pathway

Hypothesis | Pathway Winctzmierdizzd S derdizad (Stgﬁ%ard (C(I‘:fgéal P Hypothesis
s s error) ratio) Uzl

H1 CG1—TG1 388 .342 159 2.44 014+ adoption
H2 CG1—-TG2 - 467 -.377 157 -2.97 003 adoption
H3 CG3—TG1 319 279 159 2.01 045+ adoption
H4 CG3—TG2 .260 .208 158 1.65 100/ rejection
H5 TG1—-PG -.011 -.117 011 -1.00 337M/s rejection
H6 TG2—PG -.058 -.683 010 -5.80 Ak adoption
H7 CG1—-PG 024 223 011 2.18 .036+ adoption
HS8 CG2—PG -.034 -.247 017 -2.00 042+ adoption
H9 CG3—PG 024 228 012 2.00 .036+ adoption
H10 C2—T8 -533 -.412 128 -4.16 ok adoption
H11 C5—T8 -.330 -.279 125 -2.64 008+ adoption
H12 C9—T8 .364 431 .083 4.39 ok adoption
H13 C5—T2 410 307 170 241 016+ adoption
H14 C2—P4 431 447 11 3.88 ook adoption
H15 C8—P4 -421 -.388 112 -3.76 ok adoption
H16 T1—P6 109 156 032 341 ok adoption
H17 T8—P4 447 599 .086 5.20 oo adoption
H18 P1—-P5 -.261 -.213 .061 -4.28 ok adoption
H19 P5—P4 -.238 -.255 097 -2.45 015+ adoption

*(P<0.05)

#4(p<0.01)

#4%(n<0.001)

N/S(p>0.05) : Not significant
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62 A% TxPAN Y mis B

BoAT N FYUS A%e] 4T FHEUF AU A A% AbelE bl

st v EASEE, ol Aol 4o duA A A Ynds Jl%
2 Fo olUA Aol dEAon d@S WATE AL dvdth Uit v
¥ 5ol deﬂ?#oi FE wEAez 4ge WAL o b Eausd o

==
ol
-

AaF®war oluat TGlT TG2E wiZlsle] +Aaw742 2wzl ) o= 3
WAED  APsbae  AESRGT. B ATE AMOSBoA  REXEY
(Bootstrapping) & o] 8-3te] P E e Fojds Brbskalvh b av, A3
Fastel fonge PFI s ERFE 50003, N2 F7E 95%2 AT,

629 % 632 FIHEE w4 el Adtelth A3 B DHENE Uehie B
=2ihe AR

(MD Ag-o] £, dwde] FH, o= Ml g a4 xgets CGlE PGoll
dl AHEHE /HAA FARL TGl TG2E wiAske] fojnd R A(218, p <
DE YEpdY Ty AMOS25+ olep 22 ol o Rde] (I aats shtel §

o2H Yeth & F AR F o= HHE I Fo3x ddsk ¢

B A= CGlo]l TGl TG2E2 AA PG g vt TGl PGE
_/]:
4

e
rir
aV)

o)
o
¥,

°

7be AE7E frelaA etre, o4 TG2E: & Atk M7 <
WHHEFE o] &3] TGl TG2E Afrats F A=z disl 242 3 aate] #2143
H JJr( 004, p > .05)& frelst
2 Fae, TG2E A fato] HAet= HHAT(027, p < .05)E 98ttt eyt
(M2) flz=¢t Adze] LS x¥ate CG3e AuA 45& Helle FAWE PG
of AHEI(228 p < .05 G175, p < 05)7F Frelg vh, Fa (054, p
> 057} frelahA] Fato] miAEgst dvka & 5 flth
(M3) “A=(C2)"= “&9 712 YA AHEP4)7e] dis] AHEH(447, p <
0D, R EI(-247, p < 0DE Folsth, FEH(200, p > 057} frejahA] st

Pol'

o
()
it

60) Hair, J., Hult, G. T. M., Ringle, C., and Sarstedt, M. (2016). A primer on partial least
squares structural equation modeling (PLS-SEM): Sage Publications.
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H 6.2 Direct effect, Indirect effect, Total effect of SEM—1

] Direct Indirect Total Hypothesis
Hypothesis Pathway Effects Effects Effects testing
- _ _ Not
Mil-1 CG1—=TG1—PG .004 .004 significant
M1-2 CG1—=TG2—PG 027 027 Significant
*(P<0.05)
**(p<0.01)

H 6.3 Direct effect, Indirect effect, Total effect of SEM-2

Standardized o )
g othesis
Hypothesis | Pathway Direct Indirect Total S{gsting
Effects Effects Effects
M2 CG3—PG 228 -.175% .054 Not significant
M3 C2—P4 A7 =247 200 Not significant
M4 C5—>T8—P4 -.167 -.167 Not significant
Significant
M5 C9—T8—P4 2583 .2D8kx (complete
mediation)
Significant
M6 P1—P5—P4 054 .054 (complete
mediation)
*#(P<0.05)
*¥(p<0.01)
- 63 -
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- o == o= - Causal effects T -eicvinsanees - Rﬂlﬂ‘l:lﬁn]l — Energy Sl‘l‘i]lg
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sCauzal effects I ... - Energy saving - Energy saving
performances performances
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& 7.1 Causal relationship between the three factors through core concept
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