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ABSTRACT

This study aims to analyze global research trends in the life cycle assessment (LCA) of service products. Using the
Scopus database, we searched for LCA research published from 1970 to 2024 based on keywords, titles, and abstracts.
A total of 23,970 records were obtained, of which 90.67% were published from 2010 to 2024, showing a significant
increase across various fields during this period, with a CAGR of 13.6%. However, LCA research on service products
was found to account for only 0.51% (122 records) of global LCA studies. Given the growing importance of the service
industry and its environmental impact, it is evident that more active LCA research in the service sector is needed.
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H A= AulA AE tiA) AP 7Hlife cycle assessment, LCA) AF-5FS 245 ESATLEA], 19705 E 20243
7H] S0 LCA eit2 e E 228 LCA ARt @ AH|A A% A} LCAY thigh Al A 242 43513tk
Scopus =3 H|o[HH|o|AE Tl AMHE F 23,9707§9] LCA &8 F, 2010955 2024WU71R] =8 A7} AA|Q] 90.67%
& ARjslgton], ol 7k Bt QT AYE 136%°) AT F7HAF SRIBICE, ek ANl AEE doR T Al
LCA 9= ZA|9] 0.51%¢°] sfidsl= 122709 EXRE A0 & Uelylth AH|A 4FJ9] HFo] F7tstal, o|2 QI3 S FeF
o] H&}F FRSIA L Y= AFE 1T o], AH|A FEof9] LCA A7t B &3] o]FojAof T AARRITH

ZA0): AABL, BAQTE, ANEA, s

1.2

Life cycle assessment(LCA)= A& U AH|A9] 14 45F
< Akl X2 ANEe] L4714 B0 B9 thoket
EFTFE B o Qe e =7 F shelti{1-3].
LCA HHE2 AlF 4 ABIAE AlAH BFRE {3 o9
7HA] 2 S S 1Esle] SEYTS S5k BUrd

T e B9 ofEh AlE Ee AR F7] A gl
Ao BRFFE B 5= ol AlF I AH|20] o]
E AE7bet deE T o ATH3-6]. oo W, teF
T AHRolM AlE R AfE|2] TRt LCA 95 895
Pl lom, LCA A7 ks et AE, A9
LCA A7 w4 &3] AYP=of eH3,7.8]. T,
7% LCA 27 F= 799 AlEelv 574 AtdEopl
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2. LCA QITLSE0] 3t 7| 251017 13

HO

LCA 7= 19709 ARk o] dA7HA] s}, A
e}, F5t 5 thFRt EofollA &Es] o]FojA|al glom, o]
o et LCA A+ mofslr| fgt v A+t
S=9Y=| Itk Table 12 LCA G753 242 & 7|1 &4
AT AlEE HojEr

Chen et al.[111:> 1998FE] 2013d7FA] ZIgH HH&Ql
LCA 7-53RE #Aslglon, & Hlo|edsw, 3744
H7E8e] 9S4 EopollA LCA A7t S50k e
11519t He and Yu[l2]= 1999WXE] 2018W71A] 20
BHO] LCA £3& #4510] LCA 7] g4 71 41 &
AT Fol, F8 AF FAY ¥} 5 I

Arushanyan et al[l13]& AHEEAZ|EICT) AE TH
LCA EAHFE B0l thie] 7t e, ZUE, TV
AlEwoll FF=o] 9o, o] ARgo R Q15 ARgHA|
A19] B Fako] 7MY =22 ERISITE Hou et al[14]
1998 WHE] 20131 Atolof] ST ARS|s} Foko] LCA
TF53kS EASI9T Zanghelini et al[15]2 1993 HH
2015E71%] BepdojlA] XPH LCA A3k 245132
o, Hlo] QAR gt LCA A7t 8 olF1L 2 Al
SIITE Geng et al.[16]2 2000 KE] 2014 E714] AE0] of
3 LCA A5 #4510 H, =9 LCA JFF7I=
T2 oUA ARE B7PF FE olRIL U =siGith
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Takacs et al.[17]2 A& AH|A ARIQ] LCA A58
AL 0] A7} it fael ATl 1%
Fo] Q28 AA5IL). Sabour et al[18]2 1997WHRH
2021714 21385 ZH2EQ} HEJo] thet LCA A7-5F=
EA5190e). Isah et al.[19]2 1992WHE 2022E7K] ofxz]
7lol|A] X13E LCA -3k wAot0, LCA7} X138= 8
Al S 7P Ei6] 3 8 AREE ARISIITH

Sarashini et al.[20]- A& AH|A7} ZbE FHQ| AE
£ A ASk= AE-AH|A A AE](product-service system, PSS)
9] g3l gt FAAE Sk T A, B&
59 PSS EZ AH5] &8 H9 HFFS FAI6| =Y
o= 9lon, o5 fsiAe UdT 22 AR B4, AR
g, olux Zg 22 F8 9l gt et B4HYS
Z3&5H

A AARCE s dxt P FFE 1ol thiet F-2730]
SEol whet HRt FofollA LCA 97 /g3 Qlo
o, olo] wWE FHAFE FES| oFoIX1L et TG
Table 18] ARFoA & 4= =0l, 71&9] LCA E£3AT+=

=]

™

FHY AFoIU ASFES W22 Y 54 A 2ol
ST 240 FE oIFaL o] AfHlA Fof Zuto] digh
TEFZ Tefslols Aid ez njEet d4eltt. old &
A7olAl= 228 LCA B AH]2A LCAC] Higt AlFA A
A B4 B3l ARlA AE T LCAY] A7 Adst

Table 1. Relevant studies on LCA research trends

Author Year  Research area  Data collection
Chen et al [11] 2014 Global LCA WoS
He and Yu [12] 2020 Global LCA WoS
Yevgeniya et al. [13] 2014 ICT Service Scopus
SCI, SSCI,
Hou et al. [14] 2015  Social Science CPCI-S,
CPCI-SSH
Zanghelini et al. [15] 2016 Region of Brazil ISI, SCIE,
SSCI
Geng et al. [16] 2017 Building SCI, SSCI
F
Berill et al. [17] 2020 004 & beverage o . Wos
service
Sabour et al. [18] 2022 Concrete, motor Scopus
Isah et al. [19] 2024 Region of Africa Scopus
p I
Sarasini et al [20] 2024 1 roductservice Scopus

system (PSS)
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AL, FF AEA EoF LCA A79] B R4S =shalA} it

3. MH|A &F i LCA G758 24

3.1. 229 LCA A1
22 LCA ATEFS LA 9151 LCA A7EH]

SA] ARRE 19705 20243712]9] EAE gifoR
& St 2 AFolME =] SR/E article= g
AolF o, =89 AlE E= 2E9 “life cycle assessment”,
“life cycle analysis”, T “LCA”E E3ol= =E52 14}
Aoz syt olF, AR7L ARt 711=0] “life cycle

assessment”, “life cycle assessment (LCA)”, “life cycle

0

[:E‘

CEINT3

analysis”, “LCA”, “environmental impact”’, “environmental
impact assessment” 5 S}L} ojAo]| ESHe =FS XE FX
of] ZIAIFATE. Scopus Aol AREEl F 2= Table 2] AJA|
o] lom, 20244 8 274 V|EO 2 & 23,9707]9] &3
tlolel7h =Tk

Fig. 13} Fig. 204 & 4= Q15o0], & 23,9707§9] LCA ¥
TE 19839 Fx Ho[HE AFOR 202474 AZEE] &
2ol ufe} Z7k5ks AL BT LCA A7} 71y B
ool s 202390, oF 2,5627h9] A7} SHA
T2y 202419 HlojE|7} 847kA|9] wRINE Ao &
= 7F 202393 & Zo|7} Qltk= A Afsh, 2024
o] AR 717+ % LCA Q771 7V Bl Al sz 7]
=2 740l =t

tlo]elE AlFEos Am e, 19801 A5 E 19891d71%] o]
F0]7l LCA A= & 271(0.01%)0l E343aL, 1990HF-H
1999E7IA = 35771(1.49%), 2000E9FE  2009E7A|=
1,8787(7.83%)°0] Q). 2010E8E 2019E7A=
10,60571(44.24%), 12]3 202015 dR|(20249 8 7|

A= Z 11,1287(46.42%)0] o]F20]A, 20104 o]Z =

Table 2. Query for LCA research trend analysis

(TITLE-ABS ( "life cycle assessment" OR "life cycle
analysis" OR "LCA" ) AND PUBYEAR > 1969 AND
PUBYEAR < 2025 AND ( LIMIT-TO ( EXACTKEYW
ORD, "Life Cycle Assessment (LCA)" ) OR LIMIT-TO
( EXACTKEYWORD, "Life Cycle Assessment" ) OR
LIM IT-TO ( EXACTKEYWORD, "Environmental Impact" )
OR LIMIT-TO ( EXACTKEYWORD, "Life Cycle Analysis" )
OR LIMIT-TO ( EXACTKEYWORD, "LCA" ) OR LIM
IT-TO ( EXACTKEYWORD,"Environmental Impact Asse
ssment" ) ) AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) )

Query
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Fig. 1. Trend of global LCA research.
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Fig. 2. LCA research by publication year.

= LCA 77}t AA) A7Le] oF 90.67%= XA|3ct s7HY
Z] glojERkS Zelsh= 202432 AQ15kTL 201015 E] 2023
A7kA 9] A AFE(CAGR)S AKX A3, oF 13.6%2
Upebget

Fig. 322 LCA -7} 78 28] 389 A9 10712] &
FEolE HojEr) F£Q HEok= 3335 environmental
science), OflIX](energy), 5-8H(engineering), AJEe] L 3
#|(business management and accounting), AFS]¥}SHKsocial

science), SF5F55H chemical engineering), ‘& 2 AYgush

Computer Science 2.48%
Materials Science 2.98%

Chemistry 3.05%

Agricultural and Biological
Sciences 3.60% Environmental Science
29.72%
Chemical Engineering

3.64%

Social Sciences 5.73%

Engineering
16.50%

Business, Management and
Accounting 6.65%

Fig. 3. Top 10 key research areas of LCA.
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(agricultural and biological sciences), 3F8H(chemistry), A=
5K materials science), ZAF-E| IFSKcomputer science) <=0
2 UEE o] 5 A9l 370 Eokd] E3HIEE 63.02%E,
AT}, o], Zato] Zzk 29.72%, 16.80%, 16.50%=
A5t QIek

Table 394 =718 LCA 9453 ATHEH, LCA A
< 138710l AF=HUT =7PE 2oE 5 A 2
591 23,9707§2 Vo] LCA A7H&S APgSH A3, vt
(15.25%), Z7414.79%), o|=e|oK10.21%), AH|Q1(8.32%),
PH7.33%) 4C0F LCA F7H]E0] &7 et v,
SH=to] Zofdt LCA A= oF 1.36%0] sigdsl= 402702
2912 25k 9lo] LCA 977} the 271o] sk Al
o2 e RS FIT 4 YA A AAECR BHI
7joll thet TAl} F:040] AR UL T ), ]
A= tost ool 4] LCA @7} B2 RIS olold
of e AAFIc

o]0 o
==

3.2. MHIA LCA H7LEE

3278004 3.18004 B4t 224 LCA A7 F AHlA
LCA A7-5%2 Auwlart. olF flsh A AARE F 23,970
7he] == & AFol “service”7} E017} U= = FEOF
Aot &, B =FoA R she Aus AE] HEE
Hojul= AJefA] AH]A(ecosystem service), ASAA] E=
AETE, SHEEY ¥ 292 AYsh] flste] AlE]

CEINT3

“ecosystem service”,

CERNT3

ecological service” “building”, “ser-

vice lifetime”, “service lifespan”, “life assessment” 5= 3
St =23} 7]¥=of “service life” = “service life pre-
diction™& TR =EL AT, EAPAL 98] e
3t AR FEl= Table 49} 2o, o5 33 & 130712] &4
o BAEIIck o) kAol BY AR HES B8 A
£ LCA7E ofd A-HZ 81 Alelataint.

AHIA LCA 971 199949 F& S745t3lom, 2024137}
2] % 122749] Bdo] A ol F2 LCA £@]
oF 0.51%0°] B35t $£F 07, AH|A Koo LCA A7} A
O] o]FofR|A| Pl Usg btk Ty AfHlA 4RI
KT} S SRSt B71e Ao oA, IATle) A
5§02 Q1) 97 AFuTE ALT WoHEo] oL B
et TS EoRe AHls B0 B4 TefstE, Aua
LCA @477} 2} FAalelolof 3 AARI,

ol2jgt Wetoll A AulA LCA @77} 2020 E0f A}
Z7le Ak g FAHoItKFig. 4). AL Holol
LCA 7= F2 2010 o]Fof FHF= o] l=H], 20001+
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Table 3. LCA research rate for top 10 countries

No. Country Research ratio (%)
1 United States 15.25
2 China 14.79
3 Ttaly 10.21
4 Spain 8.32
5 United Kingdom 7.33
6 Germany 6.80
7 France 4.83
8 Canada 4.39
9 Sweden 422
10 Netherlands 3.89
11 Australia 3.62
12 Switzerland 3.56
13 Brazil 3.52
14 Denmark 3.44
15 India 3.02
16 Japan 2.64
17 Belgium 2.53
18 Portugal 2.34
19 Iran 2.04
20 Norway 1.90
21 Poland 1.70
22 South Korea 1.68
23 Finland 1.67
24 Malaysia 1.54
25 Turkey 1.36
26 Greece 1.31
27 Austria 1.28
28 Thailand 1.26
29 Hong Kong 0.93
30 Ireland 0.91

E] 20099717 o]Fo|7 AH|A LCA 7= ¥ 187(14.75
%)Q1 W, 2010W5E 201997k APH A= 497
(40.16%), 20209FE 2024W7HA] AP A= F 5474
(44.26%) 0= UERT]. FF AJH|A LCA £oke] 47t 4
A 712 ACR 7IHEE Hiol
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Table 4. Query for service LCA research trend
analysis

TITLE ( service AND NOT "ecosystem service" AND
NOT "service lifetime" AND NOT "service lifespan"
AND NOT "ecological service" AND NOT "life asse
ssment" ) AND TITLE-ABS ( "life cycle assessment"”
OR '"life cycle analysis" OR "LCA" ) AND PUBY
EAR > 1969 AND PUBYEAR < 2025 AND ( LIMIT-
TO ( DOCTYPE, "ar" ) ) AND ( LIMIT-TO ( EXAC
TKEYWORD, "Life Cycle Assessment (LCA)" ) OR

Query LIMIT-TO ( EXACTKEYWORD, "Life Cycle Asses
sment” ) OR LIMIT-TO ( EXACTKEYWORD, "En
vironmental Impact" ) OR LIMIT-TO ( EXACT
KEYWORD, "Life Cycle Analysis" ) OR LIMIT-TO
( EXACTKEYWORD, "LCA" ) OR LIMIT-TO ( EX
ACTKEYWORD, "Environmental Impact Assessment" )
OR EXCLUDE ( EXACTKEYWORD, "Service Life"
) OR EXCLUDE ( EXACTKEYWORD, "Ser vice
Life Prediction" ) )

20
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Fig. 4. Trend of global LCA research.
Fig. 5= AET} 222 7|Z202 130719] AH|A LCA &
el ATEAS BT dsfole, 4 Ak A ek
A 7V 2 gL X}Zlo} ATHORS PSSE, % 26719] £

A7} 7“"1‘4‘213“1 AA9 oF 21.31%F A thZos
= 427 AH]A(food) 197(15.57%), ol A](energy) 1674
(13.11%), AREHQ1 AMuA AARS o R Sk= UrbAQl
8] X (general) 1274(9.84%), ERZE] AJH]2A(mobility) 974
(7.38%), ICT AH|A 874(6.56%), 72 AJH]A(building) 871
(6.56%), 9J&F AH]|A(medical) 671(4.92%), Aok}l -
SAANET T FZAE] A(public) 571(4.10%), 71EF 84
(10.66%) 2= LT 07|14 7]ef AH]A Folk= HAE
T F 57 "Rkl AH|A Fops %‘9_} ﬂ_i AFAoz
AWEH H7E 44, LFAHA 37, o H]E”ﬂ‘ﬂ]i
27, TEAMIA 1, FAAEIA lﬂj ot

Public 4%

[T\

Medical 5%
Building 7%

Food 15%
ICT7%

Mobility 7%
General 10%

Fig. 5. Service LCA by research topic.

AB|2 LCA 7 38 F7hs ml, 59, olgelol, 9=,
299l $3 S0 LeRteh wi gio] Hofsk AEla
LCA A7 o 1402 FA)

4. Z2 Y AAKY

E oA 1983WEE 2024714 E3E LCA ATt
2o titoz F2H LCA A8k @ AH|A LCAO| et A
2EA5HA -E/_\jg SH51Tt. Scopus #31 Hlo[EH[o] A0
A s Azl & 23,970709] LCA E3lo] ﬁ*ﬂﬂ‘zioﬂi
LCA 97} F59] 3718k Q3= SRl &= Utk

T8 LCA @97} ol AY ds] P=1 ol &
TokaL, gho] ofgt LCA At AAIY o 1.68%0] £t
gk 7| 9wAstel B ﬂ*ﬂz 59| AL Hol 2&2d

OJUMEEE oEol7l= 8 AXI=Ql g2 Thfglh Ak
2] 3t LCA d7= 51:} HIHo= sk Wg 7t 9k

S, AHIA LCA 91 A LCA 9719] 0.51%01] s
Sl= 12270] Bt Aog vt AH|A ARjo] A&
og Aéx}—a}jr_ 9}\5 ;g_g 710}61 uq] HH]/\ LCAoﬂ q]% e Q8
= B 71t 2 0= o=, olof mE AJH|A LCA A+
,] zmgm Q3 Q1T 4= 99t TS HHV\ 39

95+ 43S ukaIgh Afu ]/\ LCA B 7idstod, A
A —EOMW HAgsH=
o]Foj#{of & HoJtt.

£ =72 Aol 75kt 238 4
2E2, AR} 71Yhsof B AolA Xlxéﬁi
ment”, “LCA” 5-9] o}zl 2g}t=]7] &
U= FAE Adeh BErh Y 6&%—‘#
ek FHE Agelal, AN Bl FE=T

42 FESH B ZJeelolor &

N

Fi?l
o

ot Al
‘life cycle assess-
—ErL =
S T A
LCA E319o] A4
Zolck. Egt £ =Fof

52
mlo rlo

_?L

43



M

A ARARS FAdTel R Foou #% 7
LCA Alloh A 82 A5Ho8 Basle AAE 2
77} o] 2olitkl, AulA LCA Hobe] Sh Wt} A

5}
A AL 73S o SHAZE = & Aol
References

1. Mostafaei, H., Keshavarz, Z., Rostampour, M.A,,
Mostofinejad, D., Wu, C. Sustainability evaluation of a
concrete gravity dam: life cycle assessment, carbon foot-
print analysis, and life cycle costing. Structures 53, pp.
279-295 (2023).

2. Kylili, A., Fokaides, P.A. Life cycle assessment (LCA) of
phase change materials (PCMs) for building applications:
a review. Journal of Building Engineering 6, pp. 133-143
(2016).

3. Forst, L., Goldsworthy, K., Hildenbrand, J., Sanchez
Domene, D. Lifecycle design: a method for supporting
design decision-making with LCA knowledge in an in-
terdisciplinary research project. Proceedings of the Sth
PLATE, Aalto University, Finland, 31 May-2 June 2023
(2023).

4. Kulatunga, A.K., Karunatilake, N., Weerasinghe, N.,
Thalawatta, R.K. Sustainable manufacturing based deci-
sion support model for product design and development
process. Procedia CIRP 26, pp. 87-92 (2015).

5. Suppipat, S., Teachavorasinskun, K., Hu, A.H. Challeng-
es of applying simplified LCA tools in sustainable de-
sign pedagogy. Sustainability 13(4), p. 2406 (2021).

6. Barbhuiya, S., Das, B.B. Life cycle assessment of con-
struction materials: methodologies, applications and fu-
ture directions for sustainable decision-making. Case
Studies in Construction Materials, p. €02326 (2023).

7. Torcatoru, C., Savescu, D., Repanovici, A. Literature re-
view by scientometric methods on the impact of the cir-
cular economy on sustainable industrial products. Sustai-
nability 14(9), p. 5084 (2022).

8. Curran, M. A. Life cycle assessment: a review of the
methodology and its application to sustainability. Cur-
rent Opinion in Chemical Engineering 2(3), pp. 273-277
(2013).

9. Roberts, S.H., Foran, B.D., Axon, C.J., Stamp, A.V. Is

44

the service industry really low-carbon? energy, jobs and
realistic country GHG emissions reductions, Applied
Energy 292, p. 116878 (2021).

10. Korea Policy Briefing. Service industry innovation strategy.
https://www .korea.kr/special/policyCurationView.
donewsld=148864599 (accessed 12 March 2020).

11. Chen, H., Yang, Y., Yang, Y., Jiang, W., Zhou, J. A
bibliometric investigation of life cycle assessment re-

search in the web of science databases, The Interna-
tional Journal of Life Cycle Assessment 19(10), pp.
1674-1685 (2014).

12. He, X., Yu, D. Research trends in life cycle assessment
research: a 20-year bibliometric analysis (1999-2018).
Environmental Impact Assessment Review 85, p.
106461 (2020).

13. Arushanyan, Y., Ekener-Petersen, E., Finnveden, G..
Lessons learned-review of LCAs for ICT products and
services. Computers in Industry 65(2), pp. 211-234 (2014).

14. Hou, Q., Mao, G., Zhao, L., Du, H., Zuo, J. Mapping
the scientific research on life cycle assessment: a biblio-
metric analysis. The International Journal of Life Cycle
Assessment 20(4), p. 541 (2015).

15. Zanghelini, G.M., De Souza Junior, H.R.A., Kulay, L.,
Cherubini, E., Ribeiro, P.T., Soares, S.R. A bibliometric
overview of brazilian LCA research. The International
Journal of Life Cycle Assessment 21(12), p. 1759
(2016).

16. Geng, S., Wang, Y., Zuo, J., Zhou, Z., Du, H., Mao, G.
Building life cycle assessment research: a review by bib-
liometric analysis. Renewable and Sustainable Energy
Reviews 76, p. 176 (2017).

17. Takacs, B., Borrion, A. The use of life cycle-based ap-
proaches in the food service sector to improve sustain-
ability: a systematic review. Sustainability 12(9), p.
3504 (2020).

18. Sabour, M.R., Asheghian Amiri, E., Akbari, M.,
Sadeghi-Sheshdeh, A. A bibliometric analysis of re-
search trends in life cycle assessment of fresh concrete
and mortar during 1997-2021. Environmental Science
and Pollution Research 29(47), p. 71894 (2022).

19. Isah, M.E., Zhang, Z., Matsubae, K., Itsubo, N.

Bibliometric analysis and visualisation of research on life



Al AR A7l SR AR ATEe A

cycle assessment in Africa (1992-2022). The Interna- K. Reviewing the climatic impacts of product service
tional Journal of Life Cycle Assessment 29(7), p. 1339 systems: implications for research and practice. Journal
(2024). of Cleaner Production p. 142119 (2024).

20. Sarasini, S., Bocken, N., Diener, D., Velter, M., Whalen,

45






