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Fig. 1 System boundary of five typical energy storage batteries
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Table 1 Performance parameters of five typical energy storage batteries

BEREREE ool TORAIBERERE R =oTEE EvEb

IR S Bz

(LFP) (NCM) (SULFP) (SUNCM) (LAB)

WIThA % 100 100 80 80 100
SIEY{hE g % 60 60 60 60 60
L kWh 1 1 1 1 1

ot e Wh'kg™ 167.4 2242 149.9 214.2 —
R AERE T Whkg 145.7 204.3 120.7 166.7 40

RN G RV S % 80 80 80 80 80

CERTIEWI Gk €S % 90 90 88 88 77.5
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Table 2 Eight environmental impact assessment indicators

SIS B4R Liivs 45
JRLE W IRIN FE Abiotic depletion potential kg Sbeq ADP
ALEWBTIIHFE- LA MAEE  Abiotic depletion potential-fossil fuels MJ ADP-ff

ABRAS IR Global warming potential (GWP100 a) kg CO, eq GWP

PN 53 Human toxicity kg 1,4-DB eq HT

i34 Acidification potential kg SO, eq AP

HESME Eutrophication potential kg PO, eq EP
REEZTHAE Ozone layer depletion kg CFC-11 eq ODP

D A= R Photochemical oxidation kg C,H, eq PO
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Table 3 Results of eight environmental impact indicators for five typical energy storage batteries

PAES L&D LFP NCM SULFP SUNCM LAB
ADP kg Sb eq 437x10°  1.16x10°  4.50x10°  1.11x10°  3.06x10°°
ADP-ff MJ 2.53 3.03 3.01 3.44 7.70
GWP kg CO, eq 278x107"  3.16x107"  3.33x107 3.69x10"  8.21x10™
HT kg1,4-DBeq  2.37x107 4.48%107" 2.24x10™" 3.87x10™ 5.35x10™
AP kg SO, eq 139x10°  1.82x107°  1.56x10°  1.88x10°  4.00x107
x10P kg PO, eq 321x107%  425x10™%  3.79x10*  4.80x10*  8.88x107*
ODP kg CFC-11eq  2.50x10°  6.80x10°  2.90x10°  6.11x10°  8.04x107
PO kg C,H, eq 538x10°  721x10°  6.09x10°  7.50x10°  1.56x10°*
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BORACR, PR . ZRakE, KA 2 5 FERRIGKEER 8 MIEREERIRIEATRT L

LY R AR E SR R B S T B 1, (B2 Fig.2 Comparison of eight environmental impact indicators
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Fig. 3 Life cycle stages contribution for five typical energy storage batteries

o LRI A P FEAUHFE R AR . ARSI =08, ISR ARE ENESE . it
ORI . 4%ES F ) PR TS AR . 520 ODP f8AnmI N B4 L, (Imees . A58 . M. X
RS AS BRS04, 5 5 Rty ODP FebREEARER, *HRAZHIBEIREREN N

i B BcfE ADP-ff, GWP. AP, EP Fll PO, 5 /M&bs Lotmkse, b 58%~92%, #E HT il ODP,
2 MRS FABRETTHR 18%~58% . XA T A= b AR B . A=, JUHSRO b AR
B A . RIREAAN) R, MUGHFEARIFEEY TR, SRR RRE IR G
Y, FRSSEUKIREESR . 1A, ISR RS e B AR R AN R, R
s B B AR R REE 22, Ul IR B 28 bR L Tk EL

I B RS IR F L A RE ), (HL PR TR 2 R A F I RIRSRR, #E ADP-ff il GWP $545 I
BAR, IEERMALER 0.29~5.7%. 1945 T4 . 15548 DL ERA R R, 7e T ahn L ARREREAIC
1.8%~143.1%, i ADP-ff Fll GWP $8t5. ULk, 87E A s TR, I Ty
ARG RS A AR = R SR . 52 A0, AR E RS PSR Y& B AY 22%, [~ LB
WARETEE. ST, (M BAPAEEEIER, 1R B R AT, (HAERBIR Hr HA REig .



55 9 1] FPY 2 BT i A U1 75k ) ST L e E Pl M RS SR 141 2621

2.2 FNERRE D

1) IREERMA I HCTT 0 o LA REA I HC T 1 Y P T PR RE e f o e, 7 ik BRI o M 4 SR
B 4 s SPRERMI B IE MR A 50, JUHJE(E ADP| HT Al ODP SZm2& .
T, FEBUEMBCTTIEE T UM =l R AR . SR TR BT LE, B BCITIA(E ADP
HT #1 ODP $5#5 FIi/b 1 35%~91%, TEHAb4E s FALAER/D 6% LI 1o 3V T H AR 7 A m DS Be e
ADP . HT #1 ODP $5f5 A STRRECS 5 . MHLLIRRE At R B BRI RIS T — 0™ 4, [RIRE
EW RS EUEZN Sy oS I e/ s TV L G 1) 2 A D2 2 ) (3R 7 LS R R S N = A |52y [P ]
AT UG AhAHE 5 A R

150% ¢ e&PrsLal = PEEEE 250/50

IR

150% . 22U HEAL o YEAEE 85050 bk

= : g =
S 100% o & : E S 100% f 3
2 o 2 8 N
faang 50% B =] EE o 50%
= E ii *

1

0% ADPADP-ffGWP HT AP EP 0% ADPADP-fGWP HT AP EP ODP PO
(a) SULFPHLILAE4ZE I LT 5 T B BREE (b) SUNCMHL L FE4ZE L7 5 T B BREE
4 2 FTRFIREMET 4 ZIMERMHECSENTNER

Fig. 4 Evaluation results of two secondary use batteries based on four environmental impact allocation methods
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Fig. 5 Sensitivity analysis results for five typical energy storage battery key influences
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on full life cycle assessment
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Abstract Currently, lithium-ion batteries and lead-acid batteries account for 97% of the energy storage battery
market share. This study focused on comparing and analyzing the environmental impacts of five typical energy
storage batteries using full life cycle assessment method. Considering the battery capacity and cycle numbers,
1 kWh energy delivered was defined as the functional unit. Based on the CML-IA baseline method,
environmental impact was calculated on eight environmental impact indicators such as global warming, human
toxicity and acidification. The findings indicated: (1) The lithium-iron phosphate battery outperforms other
batteries in seven indexes, among which the environmental impact indexes were 2.78x107" kg CO, eq for global
warming, 2.37x107" kg 1, 4-DB eq for human toxicity and 1.39x107 kg SO, eq for acidification. The
environmental impacts potentials from low to high were as follows: lithium-iron phosphate, secondary use
lithium-iron phosphate, lithium ternary, secondary use lithium ternary, and lead-acid battery. (2) Improving
battery charging and discharging efficiency was crucial for reducing greenhouse gas emissions, with a sensitivity
of more than 367%.; while the number of battery cycles and formal recycling rate played a relatively limited
role, with a sensitivity of less than 25%. (3) Under the electricity mix of 2025, 2035 and 2050, all five types of
batteries could significantly reduce greenhouse gas emissions by more than 31%, 52% and 72%. In conclusion,
in order to promote the low-carbon sustainable development of the energy storage industry, it was recommended
to prioritize the development of lithium iron phosphate batteries, increase research and development investment
in battery charge/discharge efficiencies, and promote the clean transformation of the electricity mix.

Keywords life cycle assessment (LCA); energy storage battery; secondary use; lithium-ion battery; lead-
acid battery; environmental impact
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