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Table 1 Definitions of different types of life cycle assessment (LCA)"**"
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Table 2 Application and challenges of technology readiness level (TRL) and manufacturing readiness level (MRL) in LCA™'>""”)
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Figure 1 Levels of technology development and mechanism!

18,19]

TE AR BB MR L

hitp://www.resci.net



SRR A5 < TR o) XSUBAG f s ) TS P2 i R SO 2345

20234F 12 H

S T R BT U TR RO R T
foiln, vl A BE PR B A A 2 LA A AR B BRI Y fiE
PR RSk v 25 v ] FE A= Be s LA i B2
SR T ERT TR PEM 45 2R . B AT, BB s
¥ LCA 5256 VPG5 (TAM) A 45 & DA P 55
FRGLHL TR ] Y

L5 IR B SR TEAN [F] K e B Be i) IR 5E 52
M) B 22 S vk, DRI, R AT BT AP Y RS LCA
RO R | DA s A B (B T2 a1 <E e
LCA W FE M A T8 57, PG i FEAF T 2 F Pk A, 1
FHZEGIABR HAERA G — , T 2 T RS B2
i3, LA HITE P EDHOS BRI AR DAL
3 RBIREME LCA ERMSMA R RITIR
3.1 EFXEITEFHARIVKE E LTS

FA AR TG LCA N 75 XU H bR
AHOCIH AR B 22013 2 ABAE SRS 2 rh s fin
WU AR Ry O ) 23 BR A I A IR SRR B L Sk
SCHRAMATTAS 3843, PR 2B A 3= A ] — by
SE BIHTEYE LCA v JESCOCHE ], AN AT s ¢ LCA
AR FER SR MRS HEAT SO R .

A SCSCHREE R IR T Web of Science #2006
B 1, #% X8 TS=(“anticipatory” OR “emerg*
techn*” OR “ex-ante” OR “prospect*” ) AND TS=
(“LCA” OR “Life Cycle Assessment” OR “Lifecy-
cle Assessment” OR “Life cycle Analysis” ) , ¥ 2% Hif
] 2023 4F 1 A 10 H (805 32023 4F 3CHk 15 1% H
WILAHT AR B SCER) o HEER 5 0FFE I R TE G Bl A
(SRR, — L3R AT 889 Fi , A R AF 1} 1994—2023
A Rk BB SCERIE S’ R 2R A R Al SR S
e O Rl s MG S 30" . 78 CNKILEE
JFE R L (SU="ZHi " or SU="HFTRETE or SU=*Tii
H1” or SU="BI % AR ) and SU=" LA JEIATTA”
KR AATR R HERR S OFFE R8T O Sk
RALFNA SR, R R 2022412 A 20 H .

889 i SCHIR Y A ARy oA 1AL 2 fi7s , 2020
HELRIZ U R R0 SO B E K 2 U LCA
ST IR

iz H Citespace 6.0.R1 84, 7B i s A= i JAl
SVPAN AR DG SCHER 09 BIFFE ML) | 32 A3 G B 1) 45

180 o Hy RRECEE 16000

160 — FB IR
@5140_ 15000
u]ﬁlzo_ 14000 &
3 100 =
= 13000 ©
= 8ot Y

60} 12000

40|

11000
20}
0

" " : . . 0
1995 2000 2005 2010 2015 2020 2025
HRRAEGY

B2 19942023 £ENIMAR LKL REFEESE
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Prospective life cycle assessment targeting the
dual-carbon strategy:

Progress review and methodological framework

ZHANG Binggian', GAO Hanbo', TIAN Jinping"?, CHEN Lyujun™?
(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. Center for Ecological Civilization, Tsinghua
University, Beijing 100084, China)

Abstract: In order to achieve the “dual carbon” goals, it is of great significance to evaluate the
potential environmental impact of emerging technologies and make decisions in the early stages of
technological development to reduce energy consumption and environmental impact throughout
the entire life cycle of these technologies. Life cycle assessment can analyze the potential
environmental impact of a product or service throughout its life cycle. Prospective life cycle
assessment has been proposed to evaluate emerging technologies that are uncommercialized. This
study analyzed relevant definitions of life cycle assessment, reviewed articles on prospective life
cycle assessment both in China and internationally, and used bibliometric methods to explore the
status of prospective life cycle assessment research in terms of research trends, objects, and key
fields. Considering the four challenges associated with the method, including low comparability,
nonlinear scale amplification, limited data availability, and high uncertainty, a comprehensive
framework for prospective life cycle assessment has been proposed. This article also discussed the
difficulties and challenges of using prospective life cycle assessment in research in China and
provides suggestions for future improvement and application prospects. This study provides a
reference for the localization application of the method in China, help the development of carbon
reduction technology innovation, and coordinate pollution reduction. It can also help us identify
product and supply chain hotspots from a systematic perspective, adopt targeted adjustments, avoid
the transfer of environmental pollution burden, and achieve the “dual carbon” goals with a lower
cost and environmentally friendly path.

Key words: prospective life cycle assessment; emerging technology; low-carbon technology; zero-
carbon technology; negative- carbon technology; manufacturing readiness level; technology
readiness level; scale-up
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