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Research and development potential analysis of low—carbon technologies

based on ex—ante life cycle assessment methodology
LU Jiagi',LIAO Wenjie’,ZHANG Nan'”,GU Dungang' ,RAO Pinhua', LI Guanghui'
(1.Innovation Centre for Environment and Resources ,Shanghai University of Engineering Science ,Shanghai 201620, China
2. Institute of New Energy and Low—Carbon Technology,Sichuan University ,Chengdu 610065, China;
3.The Centre for Process Integration,The University of Manchester ,Manchester M13 9PL,U.K.)

Abstract : The development of low—carbon technologies is one of the essential pieces to achieve carbon peak and carbon neutrality in Chi-
na. However, from a life—cycle perspective, the industrial application of new technologies also requires additional resource inputs and
brings new emissions, and the carbon reduction effect is uncertain. Thus, life cycle assessment (LCA) is needed to quantify the contribu-
tion of all unit processes to the carbon footprint, and to guide the process design and optimization of low—carbon technologies. For the con-
ventional LCA, the environmental impacts are ex—post evaluated based on the industrial-scale production system, but it is difficult to ob-
tain the data required for LCA for technologies that are still being developed at a pilot scale. Therefore, to evaluate the potential life-cycle
environmental impacts of a technology under lab—scale development, the methodology development for ex—ante LCA will be a vital topic in
the field of industrial ecology. At first, the main issues about the methodology of ex—ante LCA were summarized, including the difficulty
of modeling the inventory data, defining the system boundary, and result interpretation. In addition to the application of the ex—ante
LCA method to roughly estimate the potential carbon footprint and other environmental impacts of new technologies, it Is proposed that
a more important function is to identify and optimize processes with high environmental impacts by quantifying the current carbon footprint
of industrial ecosystems related to new technologies as a baseline target for the research and development of new technologies, so as to make
low—carbon design recommendations for industrial applications. By summarizing representative cases of ex—ante LCA of emerging technolo-
gies, it is found that there is an order of magnitude gap between the carbon footprint calculated based on pilot—scale data and the actual in-
dustrial scale, so it is recommended to invest a small amount of additional manpower and software and hardware resources in the research and
development process to realize the amplified simulation of the process, predict the energy consumption and input/output lists of the industrial
scale, and carry out the life—cycle environmental impact assessment. Finally, as a case study for guiding the low—carbon development of
technologies, the green design of a Cl recovery process for PVC waste was revealed by the integration of experiment, simulation, and ex—ante
LCA for quantifying the influence of process variables such as different reactant concentrations, treatment volumes, reactor designs, operat-
ing conditions and other process variables on the list of process inputs and outputs, such as consumption of energy and raw and auxiliary ma-
terials, direct emissions, product yields, and the amount of wastes generated. Meanwhile, it realizes the use of carbon footprint as an evalua-
tion indicator to guide the research and development of low—carbon process design and operating conditions for new technologies.

Key words: ex—ante life cycle assessment;low—carbon technology ; green design;waste recycling; process simulation
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Fig.1 Comparison of conventional LCA based on industrial-scale inventory data and ex—ante LCA for supporting the green design

of emerging technologies at lab—scale development

—AHEARTESSTF & B BE AR 72\ LCET Fif
KA B AR AL B A | 2 fros (5T VILLARES
Yy s ) o AR /N B B, R TR
W T 25 AN B 2, A % B 8 0 i 2t ek #E
HEATARAL , PR 7 ) IR BE 52 ) 5 Tl A AR AH
FEAH P, Bl R R A5 31 1) i 50 s
AR AR AN 2 M, I T A s i 2 50T
AT [ 22, 3 i A =i AR B RE VR -5 DR R 2% o
FA5 3] LCEI 8% HE AR 22/ FI/ N, PARVATKER

B2 BAFREIE M B R 4 € 1 LCEL A 2 ik A
Fig.2  Uncertainty, LCEI and cost of

a technology at different development stages

S5 PR S BG 2 /N R AR B R R B Rk
T, T A T SRR 1 A i ST B AR
H TR 2 1 2 fT A 8 B, ] A A
TGRS AR AR BORF X AN o ML AI Y PR T 72
TN G LR TT T LCA [OCHE,
1.2 REHBRENHERE

G, 5P Tl A = A L, SE g AR T2
B2 o B AR Al AR TS Y HE ORI SR A
A 15 A A ek R A B RERE AR A ™ H Vi B
A, QR 2 X o3 PR S e n] BE 23 LCA 45
K PR A = R G R R R
A L=k = AR R R T A LCEL
SYBCEN A P SOCTE AN ) A R
YL TR G A 7 L 2 W B TSR R B B2 el RNk
R XEDIARE S5 B USRS T A BT RS
T H AR AE R FBEHEAR 5 2% Mk F R i
B S5 it 7 A S e PRt S R P A 5% 43 A ( Scenario
Analysis) BB AR L E Y B
TERARTT T SRAAZ G LT, K 57 3R 28 2o LA
ISR Sy Z R RMEE 25 3 6 2 7 — OOk, TRt
TSR P 68 77 it TR — B AE 7 1 LCEL 7R 17

13



2023 4E5f 8 1]

kA g B K 5529 %

BT A THEAN
1.3 FMERMNBERE

%58 LCA ™ LCEL TS5 3 09 A0 1 v BE AR
TP X S B0 B O I o | S B 1 1
WPk R GEih FE Y 58 B8 B3k BT 48 08 B A
BRSPS X T R A%
WX 0 LCET B 1) %of b HLAG A1 [R] Ty 5 B4 11 [
AR AR T 4307 FL AR i J] 301 78 v (9 PR 358 5% i
PO I MG %6 . FEET LCA AEXHMESE LCA
THAA R LCEL A M R, PR IR s S0R 5
TR E A I &5 R 5 2 Tkt R &
PG IE RS ) Wi B B Tl A R
BT LA R K 5 2 S U, 768 AR IR i i
PR & LI AT AE B BRBE 5 45, S Tall
I R A B Y

2 EEHILCA WERGEMERITEE

2.1 EF{RHBEAEREIT

EH AT AT LCA 534, b HE T Z 87
D S T WL & TR TA ) NS X fu < M WS DS AL EE '
JEFFI 5 A A5 9 LCET A% 4 TEC-
CHIO %5V JEAT T A Sl PSR R T R T —
LG (PBS) FYZEHT LCA, B Se MR SR 2% — 1 iR
T BERE (PET) Tolk AR 7= il 3 i v 5t , 3 1k
SRR PRI AN T KA ) 37 BB A
oL W AR Ry AR i g ST T 2R A PR B SR A AR B
YL PBS A AL T i O R AR R R B i
FIHASTRIFEL PET A 7= (8475 {8 R A 33 Tl FAs
AW PBS Az B | IF 115 AR U RERE AN
W 245 LCEL, PRI 45 Rl 3 (a) s (Ritig
FE M BRE T kg (UL CO, 4 H4t) , TR, it
PET i4 /2 PBS, FHif BUSE 1% A= iy ] 10 5 AE i A2 300
Fo Tl MR 5 7 ~ 10 A%, LA 7= 1 kg # AR M DIE
AL FET AW A R PBS HH Ho Ak A BETR Y PET
RARBRHARBRAE 2, IR % T2 itk — A ik e
Ak, VILLARES 25 R 45 [ b 80 & Ecoin-
vent HAHLL T 2 i FRAE AR B, A T A=Wk
bk P HL 1 3 4R, HATEAN S5 SR an &l 3(b) iy
N (AR BEIRIEAE kg ( LAEE 53T s Bk 23, kg
BEFME kg (DABERR AR 5001 ) s AMREENE kg (LA
TEAY ) ) B THORE] Tl AL AR B 1
LCETL, JuH Rtk 2 308 AH b 56 F S 56 2= MR 1 1138
BN IERE  JiA0 BRI = AUBSEOR L nT
FET A= T 2R E S5 E , 2 )5 RIUE 4 HT,
TR S TE R LCEL B33 A5 2

14

B3 F RS A LCEL At P

Fig.3 Comparison of LCEI for technologies on various scales'
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Fig.4 Ex-ante LCA studies based on scaling—up simulation'
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