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ABSTRACT

KEYWORD

Purpose: In Korea, green remodeling is being promoted as a key strategy to reduce carbon emissions by —12/2|2&

improving the energy performance of existing buildings in order to achieve the goal of carbon neutrality in the
building sector. However, there is currently a lack of research on life cycle assessment (LCA) in green remodeling.
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This study is a basic study that applies the LCA technique to analyze the carbon emissions of green remodeling,  Green Remodeling
analyzes the international research trends, and discusses the LCI methodology based on them. Method: First, this  Life Cycle Assessment
study explains the main steps of LCA and compares the LCI techniques used in each step. Then, we identified the ~ Life Cycle Inventory
trends of international research to determine the LCI method suitable for green remodeling. Result: The results of

the analysis showed that direct survey methods are mainly used overseas, but mixed methods are gradually

spreading for accuracy, and research on remodeled buildings is increasing. It also emphasized the need to link with

green certification systems to accurately assess and improve the environmental impact of buildings. This study
concludes that mixed methods are suitable for LCA assessment of green remodeling in the future, and suggests that

it is important to continue to develop and update the LCI database.
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« Define the purpose
« Setting target

A product/evaluation scope
defintion . set up methodology

Interpretation

Life cycle ° |nD|UUIOutput
H Calculation
Invento.ry  List up Life cycle
analysis process

+ Environmental
impact analysis

* Deriving
improvement
plans

* Deriving plan for
the results

Life cycle * Calculating

. environmental impact
impact scores by impact
assessment category

Fig. 1. Process of LCA

Table 1. Definition of LCA

LCA phase Contents

Goal and scope
definition

Steps to define the purpose of assessment and
set the scope of your analysis

Lifecycle assessment phase, which includes
collecting and quantifying inputs and outputs
throughout the product's lifecycle

LCI (Life Cycle
Inventory analysis)

A lifecycle assessment phase that aims to

LCIA (Life Cycle understand and assess the magnitude and

Impact significance of potential environmental impacts
Assessment) on product systems throughout the product
lifecycle

A lifecycle assessment phase in which the
results of an inventory analysis or impact
assessment, or both, are evaluated in relation
to defined goals and scope to draw
conclusions and recommendations

Interpretation

24  KIEAE Journal, Vol. 25, No. 2, Apr. 2025

A & F shtE AREE I ITH15]. siE LCAE A5
AN B DSt FAAIEE AT S FFS TEH
o2 Grlote vlof 8 4= QTH16]. LCAS] 8 Z2AAE
524 9 W9 A (Goal and scope definition), A E= &4
(LCI, Life Cycle Inventory analysis), 2134 93 H7HLCIA, Life
Cycle Impact Assessment), 77 3|4 (Interpretation), & 494
2 Y& 4 9lom, Y82 Table 1.3+ 2t}H[15,17,18].

=4 9 1o A4 dAl= BUHY] BAE Footr A HAEA

She B, BAT Aagel AAZ ats shokst, dlol

Mo
ol
H
il
o
o
o W
2

22. ANHBEALC) PHE

nt gole 242 SaAE LCAS] 28 BAlo)a} sl B
Q1 LCI BAlel Al ©] £9)-4122 9] Haksir} o] 2ol Ao gk, LCI
2 SIghup R AR AR, A QTEA N, Tl 1 EEhel 9)
o], 7} wp 2ol thet g2 chemt 2eH21~25),

EEERE:
APzAL g0 FATE RE Ao 79 2, 191

I 3
o e S AL ARSI AEAYS] SH DRA,
2 A e g2 AR

1 1o

I vl-go] Wast Aol AR, 224, 53 dlolH o Al

2) A AeEAHY

ARATEAR L AYATRE AREoto] B4 W99 T4t
ZedE AR FAT 5 e Pt A dvEe A
A7 Ul =AWl A Aol A EA s BE
Zlelol Hol L7t Ao FAjof whet 7| 55t FEA < SARR,
THAAE =2l A A D= AAsts 2E A Y
B2 R Slet BA e Ak el 282 o frefsh, AFd Tt
Aol Eest ol glof /PE AR AlF H 7l disid e &
SEE ek B A AR Aol vijAH o A= @l ti9
M BT & Y, FrARE 50 7 5351 siAo] @ 7714
7= 59 @A o] EAFTH26]

3) &4

S AP A A HE A e 83 stol B =Y
Ao EAHor, BE F2& A5 & 4 lew ZEZ o[, o]



AUME - Mgzl - dde - 582 9
Table 2. Comparison between LCI methodologies g 348 e
Accuracy of results [ ] (D) [ ] 1; II I105 e 7<>I II
Time efficiency O [ ) O —— cwil Chemical Hecha!al E!cm!al Materials&Energy
Ana?ys.is e © e e Fig. 2. Number of LCA & LCI literature by engineering field
Ia)ne;i;astilgnr;egt:'een 0 ° ) (Domestic)
Information updating (D) [ ] ()} Z
e :Good/ © : Normal / o : Bad a0
S} & B0 LCI9) A1) %%@4 Qo A aTEAY " _. .1 II
O] &1 HloTE ekt Al FE | tit 2AE A 4 et Material Bukvg
. A% A AGA ) B0l A H O 2 Aok e
7] Q2o 2AzA <] FHAAL Z9F) Fig. 3. Number of literature about building LCA & LCI (Domestic)
4) 24 A STt A= o] T Aol B A of Hl *% Ao g Uete
A e A, A AR AN, B2 BT ASE o, LCI9] A% 71%E29] LCI DB 130 #add 280 ge Ao
O AR el 714 2pol| A o] o g 2] o o ibateta wiE e TS 2 Uehdt) o3 s BIE £ Qx| cHoH Bt on ol
2 Q)= [ Cl i Zo| ), ] -2 A4 5}H Table 2.9} ZH27~30]. g LCI &5 A8t ol thoff ohetoti.

A, A SHAE 55 FdE= Al A @ a7 9] 291(2018)L P AZES tharo 2 ApAH 7} 7|
HEAE Bl HolEHE 30k AHXRA S o]-&ok= Zo] # Ho] 7]ukslo] AZE 0] thAE A7} A0| Thgh W&k BAS 2
S zloR yodnt 5 AR, AddRE A AddE RS FotAH31]. g AP L YTPg AEE] AFgH L Fa A
ol-gsto] EYAitE E7F Agetol] wiizol 24 AR sl 242 £ 2517, T AREC] 7o % go|HE £Asta] oy
2R EHA B Y H 0 Abr et 4] Hejet BA 1 2] 4] 2 BhA HjZ e BA _g_T 2 3)5}9i}. glo| |2 425t B
917} WA} AL, A XA BA T 7F AT AvEA] M5l oA LCI 2o g2 Alodmh e ALgstgon A
Hof vs S=g Fi1, AFEAE T 4 e AT EASH] o A o4 AE 29 s 2 mn Z\ 9ol AA Aol ZF7] ZFAol A
2ol g SHAAE B2l 2708 7HA] 2 Qlek, W, At A o] BAS AAshTt,

AR 7B, oo AR S ol el ot WA Fat ol A9 A4 9] 401(2024) 2 AZE glnda A Hysts 2A7A
wAo] 7hssttt. nrA e = wlo|E o] X418 S A= Hutrt w2 X A28 QAR Esﬁ HHSHE QAZEA Wi ETS FA]
714 0 &2 HA5hE = A AR A of) Ghel A A2 2AL 02 LCA B4g AA st tH32]. AEA A o] YA A9} AL, &
Alzkol Bl 7)) A g5 of wlofE 4 9 2418} of gl & 282 g DA DA AL E T HS 5 QAo et RS A
Atet. Ast7] o) EgES 7|tz BAS Safstgl o, o2 B §

g E o] 54e v w e A3 A ATHEA S o] 85t 7 Agko] AL oA HLo] Uit A E25At 273 9 3
= 2o B E vl mEAd Ao R g ey A 91(2021)9] AolHE 2rde] AZEo] AR} FHL A
TEAH O A dte] Hede Hekstr] AlaiA= A 2A oot ATLE Salistd on, Zh BAE R S sjok & dlo] el 9}
HE FRAoR G8ohe Aol F2 AR ARdy 9], o5 S5 BrisjoF o FEol thaf =EshArH33l.

APAtelA Zxots AF5E9 AP 7= 4oy, &
3. I A7EE 5| 71%7%89] 2ndYo] gt F2E7} Fol 1 eS Wot
3 QiTk ey, P AT Adtels gl @A o] Fo1 1 gl

A& 2ok gauEw A4S Sl sl E A2 oY £ LCABIME2 ASAZES YR A7 950] =om,
Ao W S S Ad AE T WY 7}011 EH 3 A7} 7157559 LCA Bt tigt Ao tiREe 2JTA 9] g4
olfojz] 1 gtk &4 FUj LCA ¥ LCI ¥ 23 ZAES 95 & A5 248 931 Qv B3 LCA 718 $st3iT
‘DBPia’E 7|¥Fo & 2000155 20243742 73555t &ofoll A of 2t om gt LCI &8 AHE-oto] BA=A] FAIoHA] -2 7
2 23 Fig. 29} Zo] LCA ¥ 2857H LCI ¥ 3487) 2 ZA}E] &= ok EAg ol Hof], U] AE ok 247tA
Atk Fig. 3.0l 11538t RopollA] A5E Hed 295 A% =8 I 5HAZAFAE(G-SEED) 52 AFAZETS g4
Sto] 4| EFoll T Aol el noﬂo} ot LCAS A & S8 5k §lof, YRdd AZE Brto] A8 4 e A=A

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 25



O 2EE UEZS0|M dYoHT7F7HLCA) MUY=

£ (LCl, Life Cycle Inventory) &8 MEE 2ot AL S &AM

SHE e AFEjoltt.

4, 22| A3

ogt

IEA_J ALNAE, LT AZE A=
olmato] taff of| 2] Aol gt 247} §l&
&

A 29 4 Qg A0 o
/v] Zj 0=
9 %A@ RRE a_-a%]aoﬂ o 2
= 7

O il
4ﬂﬂ%aé ﬂEﬂ%iiﬁaﬂ%ﬂm&MAﬂqq
3L Qlek B LCA 71 RS Abgste] #A5H= d] 121 2] ¢
£7P53 AES Y3 A= ABste] N EAEE JH—E é
5t o] 5 BAsHe AFEL b gt
Hussien €] 891(2023)] ©r2 % “Web of Science’ B o] B H|o] A
E 7|to 2 2l A8 9 LCAo] Tl thE =Fo] 199495 H
20228712 & 169707 o= ek FATH34]. Fig. 4.9F 2ol
gRdlg A2 LCA =22 34 37k 9] &A= #7548l
=8, o] § A= LCAE £33 =70l 1147, LCAHE L =
4170, LCA 7 A =Ro] 147]2 Yttt 53], 48 LCA
E AT =2 FA A FAIE= Fig. 5.9 2 oH, o] 5 5ol %4
oME 2l ndd HAEO LCAY Tt =7 5 oy 2] 84T &4
HiE el e A7t 7P gol ol ol 2L lekar weboet gl o
%iih%ﬂ7%LQM%ﬁ%%%%SﬂHM£&LU%HE
of| ] ZAFsFA. Oregi 9] 321(2015)-& LCAE 3l O 2

F

14,8.3%

41,24.3%

114, 67.5%

Refurbishment LCA Developed a methodology = Reviewed LCA assessment

Fig. 4. Number of literature about refurbishment building LCA
(International)

70
61

18

11
10 ° 6 3 7 I
. N m L = |
Comparison Energy ( inabli i CO2 emissit ETC

before& after  efficiency
refurbishment

Fig. 5. Number of publications about refurbishment LCA (International)

26  KIEAE Journal, Vol. 25, No. 2, Apr. 2025

9] =ollA a49] A
ARSRE T Hf Al o] ARG ETHY
491(2024)2 LCI A HHA&
e D AdATEAY 0
tH36]. s AAZ, Hasik €] 591(2019)2 ZH XA
of A7) oA A% A= 2 A=Y
HA51H 0, Potr¢ Obrecht €] 491(2021)2 g 2d= 4
gt g of nx|= FFS LCA SHo|A BEA5tATH3T,
Azari and Abbasabadi (2018)+= Table 3.2 Zo] 37}x]¢] LCI HJ
2 Z AHZAHE o] 85 LCA B4 T3¢} glo]gH|o] A7} o
2709 LI ¥ 2ol vlsf o B2 Q1= ert 155 o] la& &
Q1TH39].

m{m

R

fo
>~F_o|L
ek W
rl.r;'él"lr
Ml W g
il )
i o5 %
$E%
- (o]
A
e
oL
N o
=5 W
r&ri%g_ﬁ

U og
515
o
R
oo
o
ol
3
oo
o
filo _153_[5

1]

rE
>

“%U&
o= a op b
= g oo o 3R o o mo

k!

ko

= 4 LCA 2]o] £
A& 2Rlstgl o, %"%7‘4 © & A ZA O]
AFsta k. Crawford (2008)%} Stephan ¢
(2012)2 A ZAM 7191e] LCA H7tof A A7 Hlolg o] &
A (ex. Ecoinvent, GaBi database %)} LCI 1+ 1} of| A A5}
+ A 070 T dlo| | A4tgEe] 2tol 7t A gl sty
UTH40,41]. o]t 22 27E HA23et7] 9I5] Stephan 9 291
(2013)7} F.Kofoworola and H.Gheewala (2009)¢] 15} o]
SAHE AFESt] & LCAE B7lohe 7t ofof#]aL glom,
FZole g A7t S7Fste FA| ol tH42,43].

= 9Jol| A= LCA 7|H9hE Abg-sto] EA6H= d 1X7] ¢,
A&E7Fse A5 g Aot Adste] 7|505E9] = N
skl o] A5t QltH44]. n]=o A= LEED (Leadership in
Energy and Environmental Design) ¢} -2 2] 7F535H 7% 0%
ZeIHE 5o g rdgE 24 O]'—T—’ o, o= Brtstr] 9fsh
LCA 71¥& &-81tt}. ¥=9 3%, A H sh¢20t 2 A= 9
Yz A5ES FEE 3 gdy 47t @4dsty, BREEAM
(Building Research Establishment Environmental Assessment
Method) Q15 A=E Sl ol &/d3st ok 39 A
ILCD (International Reference Life Cycle Data System) o] €]
o] 2o LCAE H5Eoto] A&5E9 4 4= Brtstal 246t

a9l

J]m A
filo
2

[N} O_>L:
O o

>7

Table 3. LCA tools and database by LCI methodologies

Input- t Hybrid
Category Process analysis g;lal;:su an:lysis
* Athena IE (North
America) * Combines
¢ AusLCI (Australia) tools and
¢ CMLCA (Europe) . US data sources

* Ecoinvent (Europe) available to

Tools and economy

* ELCD (Ei i
databases . (Europe) database use m
¢ GaBi (Germany, US, . process
* eiolca.net .
Europe) analysis and
* GREET (US) input-output
* Inventory of Carbon analysis

and Energy (UK)
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Table 4. Domestic and international LCA&LCI trends and linkage with
existing systems

Category Domestic International
o I in LCA
nerease in L.C * Possession of multiple
research due to LCA tools
Ztcrzngzzzlmgbsifl din  Continuous updating of
Leasrcr | S N 2 LCI DB used for LCA
status ) * Discussion of global
iﬁ;??ﬁtilgflaiB data sharing and
Lo standardization plan in
standardization research roaress
in progress (ex. KLCI) Progr
* LCA applied to global
* Environmental Product ZZE?;T;};S bsui(lllmi
Linkage Declaration (EPD) and LEED, BREEAM, and
with Green Building DGNB
.. Certification (G-SEED) Luati .
existing are planned to be * LCA evaluation criteria
policy . . reflected in Japan’s
carried out in parallel CASBEE and China’s
with LCA evaluation 3-star green building
certification
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