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Fig. 1 System boundary of lithium cobalt oxide(LCO) battery

1.2 Et{ERMNERITERE

FHLR LRI B o0 R it T LA Bt R (AR BASALC fe s R e 1] T-HL A ik
FELRER T P RELRT A R T A= A R RE G, LSRRI RN OR E T F B BT I A 0 L AR I SR 11 ] 4
PG, BRICZ MR AP s il DL, LCO st T B i, A i LU T S Hek 3k

ZE][11]
o

(53
1) H A MG I A BIFRE O HTHEERARA R (1) 7R,

A n \’
Qross = 1000(@) M



557 1 A

W

S5 THURIRLIR P A MG B AR 1 A i LA 2029

K Qi FRFREIRR; A4 M b NFHUGSEL, AW 21.34; b HL0.65; n HAEASABENUEL, INIX ElEh
W FERARRIA A, 25% IXIH] 3 IRTEFMEIA R AT 75% IXT8] 1 AR A R

2) Mt By (Wh) o (BSEEMERRRO AR AR, Rt A (2).

Ey = Qs X UXxDoDxN (2)

AP Oy LCO HUMAER fE, Ah; U NHIMHLE, V; DoD MEHLERE: N it R A EEa e
., LA 80%DoD (1K) WEEME,

3) HUBEHAE . (Wh) o LCO HUMMITIREIT (n=1) BWEIRFARESH (n=N) ], i TRERFARACE,
AR RIS AL RERIFE X (3)) -

N
1- chargin, ischargin
E]OSS:ZQM’XUX(I_QIOSS, n)XDODX Nehargingdischarging (3)

n=1 ncharging ndischa.rging

ﬁq]: ncharging 7‘7%‘?@9"]%%&&%; ndischarging ﬂ‘j%?&ﬂgjﬁlﬁiﬁ%o
4) LCO HithEn AR SCR R L £, (Wh) o MRS LRI Ewfl E, WHfiE E,. X @) «

Euse = Eﬁ% - Eloss (4)

1.3 IMEITM A

5] ReCiPe 2016 (H) H LS FNZ T idxt FiA R I Seib A pRREEs i o IRl e n 43
HraABEsm, WFFEIEpte 10 28 a] s AAREE 2R, RDE2BRARHE (GWP) | Jefbai AU o A A
BRI (HOFP) | el RAATE O RS R G RN (EOFP) | FkidiE il (PMFP) | BliiiR{k (AP) | B
MRS (TETP) . AABUETENE (HTPe) . AMRIEEUERRE (HTPne) . W 7= %ALY (SOP) . fbArREVR
FEUy (FFP) o MEREZOSERTANIMEmE, 3338, /nle NMAEEHERE (HH) . ASRFE SRR E
(ED) FIBEUEAT IR E (RA) o
1.4 [EIEESIEMERMSTE 5%

SRR T 2 FASRI M A B S R R A R

1) HAUEIR (BoL) ik, RIS RGEY R Ae AL dn R sh g e B s R R, 2t
TSGR O ) S B DR AR R 5 2 TAHE AR S FEIBRARTE 1SO140441) —F, DCAAPRHEER T LIS A
PR P AR DL S B RN A EE R AIREIRTN 9. SRR IS, SE e AR e ik rhis )
T2 —. EoL ZrEC ik Xt R RS G PG 4 BC T A R IR L . S0 A IR AR BRI 3 &84
ZH Al

AR (5) R,

Rl XEV + (] _Rl)Ev +R2 ><(E'recyling, EoL _E:/) (5)

A R FORPRH RS, AR AE PR A R ELARTR R GE P i L ils B, FomspbiiA
UEREERN; R, FRAPEHIAIISAR 287 P AR E IR 2 RGBT LEBI; B ecyeing, oL, ZNTEERF
PR (BEXE B30 ORREEsm, il . st e £, 3ol o R AR AR AR
PR, BB RO RS R D £, E, (RS

M TR AR T, R, BUEY 0, S Be AR RN (6) Fizs.

Ev + RZ X (Erecyling, EoL — E:) (6)

2) BRER =S 23T (PEF) FPAEER R AL (CFF) S ikt B3] 1 s e A f i v A i
B BRI B 5 L IR B OCIBG , RIHX R ) [N — A ARl i 7 A ) S RS A T
BT, AN . A EARGE AR AT BRI T i R 2 4 T 0.2~0.8 19>
B A, R TAE =R R B e FEA= B B 5 S A R A e o

TEENEIEA (CFF) 2 3 B4, ket BEIRIMCHUR SIS 3 FRMLLN, AW
KAEIR MRS AL R, B IE . bRkt JERPRL . AR U RARE R I 3 302, SRt
SRR ARG P EA R T THFE AT REIR R | i AR YRR ARG PSP AR R A £



2030 ok L B ¥ W 18 %

AR . AORHEIORAR ™ i R G P ISR S AL R R A i S A, RN (7) Pos.
B
s A FOR BRI R A P Z [ S A E A EE R R, AR R HUE N 025 O, FRER
Fehd AR RIR AR TR O, FORERRE AR R EAP R T

FERH AR R T, R BUAHR 0, H Q,,,/0, HAER 1, AR A (8) s,

EV + (1 —A) R2 X (ErccyclingEoL - E:;/) (8)

(1 _Rl)Ev +R1 X {AErecycled + (1 _A) Ev X }+ (1 _A)RZ X (Erecycling. EoL — Ej X

L5 BUERENRSHIRE
BT P Yt A i R S PR RS S SR A T SR R SRR AR . AT R R B, B RAE
T TIPIIETRs . AT SRR G r AR =R B BOm e B A 7= i B s I Tt bk
S PR AL L = i 3 Al ) B PR I A A
(FREBARFANE) 15 YR SR iR 1 RLRRSHEARARER
L Y 385 B R T g B T 1) Table 1 Assumptions and calculations of
VU HRARM AIRIBT K ikif a UR  FA IR

battery-related parameters

W5 BRI T AN RS P ok 4 T 0 i ol i
WS, 15 SRR R R G A AR . REIRY brpieE mAh 4000
FELL R EEHEMORGR . AR H e e PRI B TAFHUE v 3.7
Syt 2G5 A AR i, FB A BRSO MR % 80
THRLERNE 1 . Rl BN, i T F ® 500
P BT B AR, WA . A AR - o 00
HLL . SR, BFSOEIN T AR R R —_—— o “
B, TR R At AT T 1 .
W, LU . AR R SOOI ks
HEFRS007 H BT AE kWh 222

S T R T (L s B 22 | TITHRIEIEE
s A S L Tl R P R TAFRS00UK LT bR i kwh 370
SO, FIRAT, ML ST P RS PN [ RSE R, BARIRE AEE 2 .

72 LCO ith 2 MEMUARE S AR M ERBN B R
Table 2 The life cycle input inventory of LCO battery in the two recycling scenarios
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Table 3 Comparison of environmental impacts and environmental benefits of pyrometallurgical recycling
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GWP kg CO, eq 2.47x107" —8.65x10%  —1.45x10"" —2.32x107" 1.48x107" 93.98%
HOFP  kgNO, eq 7.56x10°* —7.83x10  -3.67x10™ —1.15x107" —3.94x107 152.16%
PMFP kg PM2.5 eq 4.35x107 —2.63x10°%  —2.90x10" —5.52x10™ —-1.17x10™" 126.93%
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SOP kg Cu eq 3.04x10°% —~7.50x10°2  —1.73x10%  —7.68x10"* ~7.67x107% 252 117.13%
FFP kg oil eq 6.97x10™ —2.08x10°2  —3.02x10  —5.09x10- 1.88x10° 73.03%
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Table 4 Comparison of environmental impacts and environmental benefits of hydrometallurgical recycling
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GWP kg CO,eq 4.26x10™" —-8.74x107"" —1.59x10™"" -3.56x10™* —1.07x10"" —-6.43x10™ 250.89%
HOFP kg NO, eq 1.32x107% —1.79x10°® —3.40x10 —2.43x10™ —2.37x10°® -1.05x10°® 180.06%
PMFP kg PM2.5eq 8.11x107™ —1.43x10°" —3.43x10°" -7.74x10" -9.52x10°" —-8.71x107* 1174.85%
EOFP kgNO, eq 1.32x10°% —1.81x10°® —3.42x107* —2.46x10™ —2.40x10°® -1.08x10°® 182.03%

AP kgSO,eq 2.38x10°% —4.68x10°%° —6.63x10** —3.03x10™ —5.64x107" -3.26x10® 237.13%
TETP kg 1,4-DCB 1.09x10"" -1.76x10"° —5.17x10"" —4.89x10"" —2.76x10"" —-1.67x10" 253.45%
HTPc kg 1,4-DCB 1.45%107% —1.04x10°2 —7.27x10°% —1.25x10% —1.23x10"® -1.09x10™ 850.97%
HTPnc kg 1,4-DCB 1.10x10°" -2.57x107"" —4.55x10% —1.31x10"" —4.33x10™" —3.24x107" 395.09%
SOP  kgCueq 1.60x107% —1.77x10°% —1.62x10"? —6.68x10"" —2.00x107"! -1.98x107 12 494.06%
FFP  kgoileq 1.01x10™ —2.26x107"" —4.00x10™ —9.81x10™" -2.76x107™" —1.75x10™ 272.84%
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PR LR s TR T S HAs e o B ML

FZAA, WA A RICT 207 10 FRERBERZ IR FAABLH TRz . Hodh SOP MBI AR
RS ECNAE, BT 12 494.06% HOXTRFREERZMN, AR ML T2 SOP MR 55 IR 20 HE 4
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WERRGEE, AT 260.89% ., 180.06% . 1174.85%. 182.03%. 237.13%. 253.45%. 850.97%.
395.09% ., 272.84%.
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BEREAL 9.67x107°, 1.26x107, 3.81x107° USD2013, 435l 7 {7k I IR BE 308 3 1Y 594.44% . 77.34% .
23.40%.

M 2(d) £ . kA4 mIU%IH LCO ML) GWP i 2.47x10 kg CO, eq, i I K AEE T,
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58.70%; JRiE1E 4 MUK IH LCO LAY GWP iy 4.26x107" kg CO, eq, i M K AYELEEH, Co,0,.
Li,CO,. 4 )& 45 B BE MG 8.74x107", 1.59x107", 3.56x1072 kg CO, eq, %k IR &= AR HE L /Y
205.16% . 37.32%. 8.36%.
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Fig. 2 Environmental damage and GWP evaluation results of two recycling processes
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processes applied for 2 allocation methods
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Life cycle assessment of LiCoO, battery recycling for mobile phones
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Abstract  In order to assess the differences in environmental impact of the two recycling processes
(pyrometallurgical and hydrometallurgical) and different allocation methods (EoL and CFF) for lithium cobalt
oxide (LCO) batteries used in mobile phones, when considering the environmental benefits of the waste battery
recycling and setting the functional unit to be the energy supply of 1 kWh from lithium cobalt oxide batteries, a
cradle-to-grave life cycle assessment (LCA) was carried out for the LCO batteries, while the results were
compared for the application of End-of-Life (EoL) and Circular Footprint Formula (CFF) allocation methods in
the scenario of hydrometallurgical recycling process. The results indicated that the environmental benefits of
hydrometallurgical recycling process were significantly greater than those of pyrometallurgical recycling
process, which were about 2.89 times. Regarding Global Warming Potential and Fossil Resource Scarcity as
well as three end points environmental damage indicators, the environmental benefits of EoL allocation were
much lower than those of CFF allocation. The main reason was that the EoL allocation method counted all
recycling benefits into the initial life cycle, compared to the CFF allocation method, which reasonably divided
the environmental benefits of recycling into the life cycles of manufacturing recyclable materials and utilizing
recycled materials according to the market situation. The CFF method proved to be more efficacious in
mitigating the arbitrary disappearance of environmental impacts and avoiding the multi-counting of
environmental benefits, which notably affected the accuracy of scientific quantification of environmental
impacts, including the carbon emission assessment. It was also recommended to establish domestic localisation
policy guidelines with reference to the lithium battery related standards (CFF) in the EU PEF to ensure the
comparability of related lithium battery research.

Keywords lithium cobalt oxide battery; hydrometallurgy; pyrometallurgy; environmental impact
assessment; allocation method
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