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Abstract Technology life cycle assessment (TLCA) can provide methodological support for technological
improvement, scientific decision-making and carbon neutrality. CiteSpace software was used to study the research
characteristics, changing trends, key areas and evolution paths of TLCA and its research progresses in the field of
carbon neutralization in recent 20 years. The results showed that the number of published literature related to TLCA
was rising, and had entered a rapid development stage since 2006. The papers mainly focused on Engineering,
Ecology, Environmental Science, Engineering Environmental, Science & Technology: Other Topics, Energy &
Fuels, Green & Sustainable Science & Technology. The research object, evaluation method and application of
TLCA were research hotspots in recent years. The energy production technology, carbon footprints and waste
treatment technology were the research focus of TLCA. System, model, framework, uncertainty and other aspects
were the key points to improve the evaluation method. Applicability development and comprehensive evaluation of
methods became the follow-up development direction. Improving the effectiveness of sustainability, efficiency and
decision support was the breakthrough to improve the application of TLCA. Carbon footprint LCA could be used to
guide the realization and path selection of technology carbon neutralization goals. The combination of LCA system
and other assessment methods was becoming a trend, which could improve the accuracy and effectiveness of
comprehensive assessment of technology and provide an effective reference for achieving the goal of carbon
neutrality.
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) BYAE AT BE il BT IR TR B 5 R KU

X HE A R IF L5 A VA T A S50 S5 i PR 1 56
SRR R, WHER A B R R S il
P Z R ARG, FE DA BRIV AR . Ak
Sl R A IR f 3, SR v RN R B AR T AT PR e R
WA B o A AN (LCA) & —Fh T “%
LRI — A7 i R oA A A A R A
g R ANV AE R BT R 7 () R LCA IR T
ALE 7= S A ERBEHE R R AR R VR i e Rk gy
AT, 5 PR S ) AR S 6 A 7 ) — 7 i 14 A= i )
WV 25 BAFAE 22 5, LCA BH T AR A H AR %42
AL AT o AR BEAT LCA PEM 248 X 8 AR 7
LA i JRL A 0 25 B B P T A i A B e A P A B TR
FIA L GERTEFE . T5 e HE AT Rl A 1) R e ik
E R RV T e, LCA E ARG 45 FhH:
ARFNAR S5 R MR i T BT 4 RGP (4
fifi LCA WA T4 AR T Fese M- i,
BCHHRR BT A,

HATE R T ARZHT LCA T RS ik A 1
T SEMAER S RAPEAN T MR SER5E, WA REAT
P LCA FEHAR K J Iy s Hp 1) 2 45 ok 245 AR A, T
TN Bl 5 AR B 4 2 B 170 U0 B B A B R R AR
IR A RO o SOk 2 0] LR G b o3 B 5 —1F
A0 1) R A e Jre 15 O, AR i U A A o B
R B I, 238 R CiteSpace B X HE AR
A A JEIAPE A (TLCA) SCHRIEAT 40 BT, BHE I 20 4F
TLCA WFFE4e 5 Ay AR b g SCHad f, DL
FH AT B] 9 AH B G 3R SO AR, AT HR 5 38
358 e rh RN R DG R IR UL S

1 BESEFE

1.1 HEKIR
AR R IR N Web of Science 70 EUHRE IR, U
TESRNAEIEES . b, RIS R 2 RS |

275 SCHR . 7 s R R R AE I A TS
)= ( “LCA” OR “life cycle analysis” OR “life cycle
assessment” ) AND( “technology*” ) ], 3L 4 & %
2000—2019 4E%& Y 4 395 F SCHk, K2 IHE] A 2020
8 9 H . SURRZER %A U (article) | Z5iA
(review) . #Li& 44 %} (editorial material) |, 2313 47 %L
(meeting abstract) . 4548 75 17 (book chapter) 55 11 Fft
AR, SCE (3 811 Jaf ) S FE LAY STk A, Hok
FEVFIR (548 ) . AR 212 G ) R A SR iy
) -
1.2 SHAE

W52 0712 % F CiteSpace &K A4, 23 B N 254045
E % (country) . AL # ( institution) . 2% Bl 43 2
(category) . ##1F)(journal) F1 ¢ £ ir] (keyword ) , fisf[A]
%] 43 (timing slicing) 1% & & 2000—2019 45, 5} 8] 5
1 (years per slice) 5N 5 4, Rifi >k JH (term source)
WK A) 3 Ry b (title ) | 418722 (abstract) | /7 &5 1)
(author keywords) . 4" Ji& )C i 17] (keywords plus), [
{1 BN top=50.

2 BRESW

21 BX=

2000—2019 4F TLCA #H 56 SCH#ik & S an & 1
e M 1 ATRLE H, 2000 42 LK TLCA J7 iKY
ROCE SRS EI S, RWE AN SR T
TLCA [ IE B AL o AR AS [ B A & SCE
Ak, AR R R TR 53R 2 4B Bt 2000—2006 4
G AL BB, AT 357 e SCHRBIA R, 5 Bk ST
Y 8.12%; Bl A IR PLZE B hNGE, LCA )12
N HFF BT R PEA, AR T K & R AL I
HEAGHE &SRB B, 2007—2019 4F & CHEAF] 4 038
B, bR SR 91.88%. MR LCA 8K, FEpr

El1 2000—2019 4 TLCA HXHAFELE
Fig.1 Number of published literature in the

TLCA field during 2000-2019
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SRS, TR, IR PR DGR | S M

2000—2006 4 TLCA ff 5% 3 B4 T TRE 2
(Engineering) “# 8} (50% DA ), Z 80 IAEDLK T
T il T ARSI, X mT RE AR PO LCA IR X
B RIBETE, T 0GE = i T RE, S B B 32 2
{4 o7 AT TR AT . AT N R FE AR B BEWF 5 11
A AET T ARKE (3 T RCR A $E i, 12
TR AR T B AR T RE R, K

Sustainable Science & Technology) 25 4% | BE IR SE40
WEFRHA A S B R . A AR R SRR
T TR, WoR PR & 1 il 29 K SBOR 1) 2 A0 2
ST MR TLCA 2R £, REIR SRR
BRI & SO BAR T TR, (R H O RS (R 1),
BATW AT A | D REFEM NTERT K, BOMRETR S5
PRBRER O R R . TR Rl SRR
SRR LCA WM AT T 25 57, (AAF AR B I R H2
N2, ¥ [l Ba g (] 2 2 Ji e /b e 5 TH AR
Tt

2000—2019 4 TLCA B 58 U & SCE T 10 (1
BTN 2 s, MFR 2 AT LA, i il s 32
BRBHETRE, FE. RIEEY D L. Jounal

F1 2000—2019 & TLCA SUS A L2/ 10 BIZERI2H)
Table 1 Top 10 discipline categories in the
TLCA field during 2000-2019

e - ; ; . R SERIE] R/
THGER R P HORRLRE . LT vk, 4L = - -
*E@E&ﬁ%’fﬁ:i}ﬁm%o 1 Engineering 2201 0.46
o, . . 4 . 2 Ecology 1682 0.05
2007—2019 4 T.#22% (Engineering ) 43 1 iff 57
N S N s 3 Environmental Sciences 1651 0.06
58K i A, Hopuo s, e 25 E— R Bt
TN . p A 4 Engineering, Environmental 1241 0.05
IRl AR BBt F TLCA T-BrE 288 iU, B sheene =
ﬁﬁﬁ:zﬁﬁﬁgjﬁjﬂz, @,*ﬁi‘fé%‘ﬁ[m] . Mﬂﬁ?ﬂ%[”] i %]“ﬁﬁ 5 Science & Technology: Other Topics 1147 0.07
VA A P R e e U8 s TLCA AR 2% 6 Energy & Fuels 1087 0.51
oo . . 7  Green & Sustainable Science & Technolo 1048 0.05
( Ecology) . ¥/ 3% £l 2% ( Environmental Sciences) . &
. . . “ 8 Engineering, Chemical 438 0.22
4 5% T.#2 (Engineering, Environmental ) , JoAh 3 T 2% £ £
N . . y . 9 Chemist 308 0.02
# (Science & Technology: Other Topics) . fig i 5 #4 Y
A . S 10 Materials Science 262 0.15
#}(Energy & Fuels) . {0 0] 54L& R AR (Green &
2 2000—2019 £F TLCA #5T4Us & SCEAT 10 AIHAT)
Table 2 Top 10 journals in the TLCA field during 2000-2019
P LUREIE e RIS BESIEL b
. Environmental Sciences & Ecology; Environmental Sciences;
1 Journal of Cleaner Production . . . 479 1824 0.28
Engineering, Environmental
International Journal of Life ~ Environmental Sciences & Ecology; Environmental Sciences;
2 7 Lo . 229 1451 0.15
Cycle Assessment Engineering, Environmental
Renewable Sustainable Energy . .
3 Reviews Engineering; Energy & Fuels 151 1301 0.24
4 Applied Energy Engineering; Energy & Fuels; Engineering, Chemical 146 1141 0.05
Environmental Science & Environmental Sciences & Ecology; Engineering,
5 . . ; 117 1507 0.75
Technology Environmental; Environmental Sciences
Environmental Sciences & Ecology; Green & Sustainable
6  Sustainability Science & Technology; Environmental Sciences; Engineering , 106 261 0
Environmental
7  Energy Engineering; Energy & Fuels; Thermodynamics 100 1230 0.27
Environmental Sciences & Ecology; Green & Sustainable
8  Journal of Industrial Ecology ~ Science & Technology; Environmental Sciences; Engineering , 81 821 0.03
Environmental
Resources Conservation And ~ Environmental Sciences & Ecology;
9 ) L . : . 71 790 0.15
Recycling Engineering,Environmental; Environmental Sciences
10 Energy Policy Energy & Fuels; Environmental Sciences 62 1071 0.33
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of Cleaner Production (479 %&)F International Journal
of Life Cycle Assessment (229 F& ) 85 | R BUHE T 43 5]
GIFEE 1 ALAES 3 07, I Horput BERR, w5 HA
AR SRR am . AN, Environmental Science &
Technology ¥ | B4R J& SCHEAHXT D, (B9 5 [ IR %k
LK T Journal of Cleaner Production, H. " 0> i ¢
o BVRSRUL, £ X TLCA J5 T 1) 280 K iR
ARSI SR E S s d
2.3 RXER

WBES IR FE SCHRTE S 2 48 bn b b BRGSOk B
a1, W0 RN IZAR AR T R AR Y ] Y SCI
5855 (F CiteSpace A H5AT ), thOBE B, %
FEVR A I Mo | EE B OR | 2 e JyR  [K]
2 24 2000—2019 4F- TLCA 45k * £ 2 SCE A 3C
R X 25 P i, [0 RIS ] 2560 AR AN [ s ] (T
WO RO, s, AR 20002004 4
2005—2009 4, 2010—2014 4F-, 2015—2019 4), #
IR L SR . M 2 T UL, EEE CERZ,
PREfECR B, HP.O AR, thE BRI RIS
I, (LT SE4F e SO, H AT & SCR UK T8
E, H S5t EECK R 2, (A
11%€0.06) , iR 75 E— s 5 HoAth 1 5 RAA 928 1
TG AR, $im A& SC S Fh G e . BHORE, 3
[ Yl 5B 2 U AR RBFFE R AL B TR A R, BER
F SR RS (R TR E A E, (B E RS .

2 2000—2019 F TLCA g B4 TE R CHkT
EMEEE
Fig.2 Bibliometric network map of the major countries that
issued articles in the TLCA field from 2000 to 2019
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FH 3 77T JR T, g B 0o 286 ] 3 v A4 SR A Bl v o B
{14 A G A ] PR A 5 R — 20 TR e
2.4.1 TLCA fY S

TLCA WWF5Y £/ 2 FERRIRAE = HoR | ik
SR EYE AR PR AR AR F A
FhHERE Cenergy (511) J (55 A &l 7 32 7 A 1] HH 81

3 2000—2019 4F TLCA Ui 5% $ 1) 3k it = 4% B i
Fig.3 Bibliometric network map of keywords in the TLCA field from 2000 to 2019
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UK, AW I g U ( bioma( 186) , biofuel( 151),
bioenergy(71), biogas(49) J, 1] F4: fi£ I [ renewable
energy(131) J, HiHE (eletctricity(91) ], 7K [water(74) ],
KRS (natural gas(46) J, F Y4 7= 5 R [ hydrogen
production(46) ) , K474 4k anaerobic digestion(99) J,
S AL 3 1T 18 4K K 9 [ gasification municipal soild
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HIAREE KA AR, IR 4 LCA TR ZE S AARHE
T DT R Y PR 2R AL A TN T A 12 3 RO
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T ZREIRTH O% h Y EL A 1 20%5Y, AR M Be RS
2L 20 4F v g €8] P A RE TR A9 R RN R S R 4
P TR 3R K A F A 9T T 1 B2, ik 2 38 ( carbon
footprint( 60) ) T EALFEHEL [ emission(328) ]| =
SR HE T [ greenhouse emission(242) ), < A5 1k
(climate change(95) ], CO, HEX[CO, emission(77) ],
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PAEL T2 ol e A2 3 Al o 4 A Ml B 45 A 7 o
o R & SARHEBOTE A RITT A R HE T B =%
WHEPT, 2012 4F 1SO WAE, B 2 il S48 7™ i i Jket
AREC, W3 L sk BHE . EHTLLSRE A EEAS B B
ELHERE A R R SR HE R R 2 E
B J B HE o B PP | il 2 A Y
THL, SEI A=A JR AL A 00 & AR HE BSOAS T it
RO, IR D R ] B I B e . IR
PR A0 45 b7 W% [ waste( 79) ) 3k 117 [ 4R % 9
( municipal soild waste(57) ), 2019 4F 1 [&] Tl [# {4
SRR 44,140t AU 52% w26 R, i
WY B BT AE 09 DS 325 TSGR, 1 & R
JR ) A 3R R AT DL 6 P B i Y £ A, 4
LCA 7] SZHN P A BRE A ) 25 B2 A AT DAk -1
BT HE BRI 52 0 O, 02 ) 4 PR 0 SR 3 T AR I B -
EREY)UL . Christensen 557 45 ) LCA N EWE
PRAEHE T — A SE B il A, G B T TR
WS AE PR 5200, LCA J 82 F T EAl
Y E I B ST, i LCA B R IE Y
MER T —2P A58 CHE
242 TLCA JiE#ub

X LCA J7 577 T, AT 58 SUS B HT 10 4>
BRI AT I 9 R s 2 A | PR AR R 2 25, s
KA FEIAE 5200 (impact(312) | enviromental impact
(307). enviromental assessment(88 ), impact assessment
(60) ) F1 28 3% 5% Wi [ life cycle( 172) | cost( 122) .
consumption( 116) J, Ak, 52 M 248 Y 38 40 45 £ AR 1

HE « TR XU P R L B T 37 52 e B 4
LCA 7 HTFIPAb H AR A [R5, DI 23 B B2 AR 1)
AIRREEME, OGBS R AT DL HR R 43 SOk
Jr B T 38 o P55 ) X B R AT VA 5 5 4 SCHRAE
BT SR A TN T EIEM BR 1 A i JE
et ARS8 B TRy T R IEN G R,
AT RELE K DL R A 745 PROT SR AR o 4ok
HIEL T LCA 5 H A2 m 7B Jr ik A0 45 A 1 PR A
ARIBT AT (6] B PEAG BT S BRI 2 L 0% YA
IR G, VEAL B T 2 B9 42 st jdt b 1t 7 St
FEARTVPAL T AE i 5 01 DAk B T g s B A D g EL T
RS h SRR Z 8] A — B0, Jx b T 3Pl e
R E RN R . PEM AR R HE IR R (system
(458) ). BRI (model(227) ), HEZR( framework(131) ],
AN 52 P (uncertainty (93) 1| 7% . H 5% [ inventory
(84) ). 75k [ methodology(58) ], #L47 i) LCA f5 54
(ISO 14040 F1 ISO 14044 ) £ AR PFAG K 25k Bk,
{HZXT TR 5T T & B BORT X4 B 1 PPAl R AE A
BORMPREL, HETR TR 4EOR R LCA AL THIR
M,
2.4.3 TLCA RifI#S

IEAERXT T TLCA R0 3 2R BLAE il R 2tk
PEH L SLCREVEAN LSS 3 AT . Herp T Rk
P (sustainability (299) )i P45 & % e AR 2 4y
JAIAR A ERES | #h s L UERE N, B AT RRLL AR RlA
X TLCA fasid . iE4FARFHEAN RO IR 2
A B ITPAL 805 5 4 LCA 45 8T8 BUB ] KR 22174
JriEP, Collotta 551 i F A: i il A AT 4R S PR ITAL
(LCSA) T EXJAE YRRl k17 2 T s P4 . 4551
R W], BT ) LCSA B 9T BT IR 2% jE 28 U Mt 2 il
FREE VR 2R, (B R0 55 2R DI RRL A 7= R Ge ) 488 7
I, A 5€ 4 £F & RSB( Roundtable on Sustainable
Biomaterials ) i & #’ A5 1fE, 5 J5 LCSA i —4 K
DU AT R 2R 0 G B Jy T, 5635 RSB HEALR AT
LCA. BUHEEM X 2 MRS IR LR AR F= e R A 7
ATRFEL RPN, 25 Al 4 LCA B, 44 A
FRATE | A SR BOTAN L, BT RS | 25 AN
Fhas e, 22 AR GAR AR 0 R 4l A 7 P it
IS E L. BRIV (efficiency(136) 2 H AR
AIATAHE LA, AT APPRRAR Y K RRAS LA R RS
NHBATREME . 1K VIKOR (Visekriterijumska-
Optimizacija I Kompromisno-Resenje) 77 155 AF5FF
RERAL A B AT Sk, 25 A B2 IR brik, i
17 T HOR e BSGAEE DY, T AR I > S B i 10
5 R T B L B A BRI AL AR, S8 sk g
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TE Y B B R Bt A5 1] 9/ % 5 Sorunmu 55 P 7R
LCA H 5] A A BEE (TRL) J7 ik % s i 4
IMTERIEAT T RREVEAY, PRAS T #0i 2 Mimf io ik
BTSSR AR AR AR . S R B ok
P 4T T performance(323) ), 45 H( management
(249) ). &1t design(215) ], #E#E(optimization(171))
45y, 2FE LCA FHR I Fa . i s AR A Dok (i
B LB B PR AR GRE) | et e i R
IR (AT L B AR SRR (G5 3 ™1, Bohnes
WX 15 4E 65 DMK FRIE R GEHET LCA, 74T
15 B A R AR A . TR AL . RB IR I AR Y O HE
R, IR B E R LR A N R, IRk ek
WK = 3258 R G 0T AL 7 % . LCA ¥ id
2 Py 2R FH T o S R ARG AS IS i [ 2 e
A JE0), B2 M N AR 2) IR HE B AR 4
JEA T RIS . AR S, AR T R AR B4
AT, DAV FIr 5 R (0 FR SRR
2.4.4 TLCA 7 E BT

FE 1995 FEFF G L E T LCA I3 E, £
JEAER LCA MR JRBR I . AR R 21 k4
VIR B2 ] LCA JriE 5t H AR A T PR A SCRik,
W A5 5z AR i JE) 03 0 O 2 7K A 34 T2 %
25, A5 5T AW R LCA M@ SRl et B ath A T
I3HT . BFFE N B W & BEE AR5 ) LCA J5 A
EHTRE, HF 2% E5 R EEFREY
LCA J5i%, tlh LCA Fr g (bR AL LA S AL 1)
SER T LCA Bl | LCA A4S, bt
FEN LCA FER E W & 5 50 6 8] T 2 X HE W
YER, R LCA TR 7E TR [ 45 S, F i 1) 2%
EH . FKE TLCA WM H#GTE P TR ER AR &
B EGE, HATOCTIRIE TLCA FE7ERY ) AT
IHZRF TR A A 2 B8 2 1) R 52 3% LA KA 7
eI
2.5 TLCA 7efix R FNGuspy i 5T idt e

SRS R T BRI T, SEBRRIR I | Bk
HORTEL WA AR [R] AR, 1 S8 AR Hh RN T 25
P S AR B SR I, ST ARERIR R . LCA L CH
T HE R 2 5 B A R BHE O S R T Y
S AT 2B

2000 —2019 4F & £% i TLCA 1 ¢ T 5%  #1l
(carbon neutrality) i A G SCHR L1 829 4 o & Ui
FIASAL AN 4 FifR o DAIED 4 BT LAFE Y Bl v i 40 sk
K SCEARE S H AR ERE LCA & SCRA b Bk —2L,
2000—2007 FEAb T & EBTBL, H 2008 4 LUK AR 2 70
WFoE & &t A TR B, 325 i T 2008 4E LUK,

LCA R Z 51 Fogie ek e £ I 2, FH LCA 43 #r
FEARRRHE BN T AR AT . BRIk &
PEAEF AR SRR, Mg ERAARSE S 5 —JF
7, it CHt RIS 45 ) R 2301 BR A i 3T, A< M7
Rl RS ) 4Bk 32 1, 2008 4RI A [ T A& R
22 (UNDP) & A T {2007—2008 4 A\ 2 & B4R 75 ),
M 21 20 o X A A A ) ) o i ey 6071, R
Rt 28 e BRI 2B 1 7 USR] 2 & e
ST W NP SE RO Y

4 2000—2019 £ TLCA F&#0
SUFAR KRR & LB
Fig.4 Number of documents published in the field of carbon

neutrality related to the TLCA field during 2000-2019

Fi [ 4% PRI P LA 37 R b Je 7 Sk vy B i S A
SO o ARSOX 829 e SCHRIEAT RIS [R] L o7, 2
JEI 6 RIS 5), X LLR KA LIS R 2 R
1) £ AR T T, A 45 X 7 & HL 3R (wind electricity
generation technologies) . — % 1k ik 4ifi % # K (ccs
technologies) . HL 3175 424 77 R (electric vehicle) .
LR REVE A FHEL A (integrated energy) . A= 9 il 35
/K (biorefinery concept); 2) 43 #1711, L4 BAS 73 Bt
(cost result) o Horpr, HORI7 T h L35 REIRA FHHOAR
RE NI E R, HOGHE RS 05005 1 2 8
Z etk HUOR AT & R, T AR HOG T
5 0B RO B AR R A BOR B L A
2005 4F, Bifi i [a] o 8 hn ok B sz 98 N 51 1Y T
AR SRS Y IR, HL SOk & S b,
A o A 3 B UK BRAE 2009 4F Zini
S X R I ReAE P E S R Py CO, A Gk
TBCHEAT AR RN 5E B W 22 T 23 A, 1 BURT RE S B i
U B R R, I HE S 2R BOR A B S A TR P Y
N, LCA 5 A A RS G 02 B AT Lok ok A e i)
¥ FETah A HOR LCA B 40 & J HHOR S
I8 B W A0 B, 2000 4F LK PEAr O 1k W kR N
2007 4F LUJG B T AN [F) BoAR G f it 1 B8 S04,
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El5 2000—2019 £ TLCA sk /2 i3k X 5217 SR SR B AL B
Fig.5 Clustering time line view of key words of carbon footprint literature in the TLCA field from 2000 to 2019
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S 255 . BURS R GTE—, WA —E
Y 5-9"8
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XF e v AT 2E AT WF 5T A9 J& Nakajima 45 B4, 38 i
LCA P JORHFE R AL B4 [RDSCRCRE , (H5 0 1 3511
5, Aycaguer 555 X AR TE A B AK 4 H
(EOR 1 #2) #17 LCA WA, & ¥ EOR il F2/= 4 —
AR S 2 b i) AR AR B A T RGN, R E
R EERILT A SRR, (H RS2 T R A,
FE B TR AT T ) 38R o Lenzen S50 X KU 1
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