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Abstract: In order to evaluate the life cycle environmental impacts of battery electric vehicles (BEV) with
different power batteries, four commonly used power batteries were studied. A life cycle assessment model
was built based on Gabi software to predict the vehicle energy consumption and environmental emissions by
2030, and then the key parameter factors for sensitivity analysis were selected. The results show that the
abiotic depletion potential (fossil) (ADPf) and the global warming potentia(GWP) of the battery electric
vehicles with LTO batteries were highest. Higher energy consumption and greater emissions were found
during the operation mode and in the production and manufacturing stages. By 2030 the life-cycle ADPf and
GWP values of BEV will be significantly reduced, and with the optimization of power structure and the
improvement of charging efficiency of power batteries, the vehicle ADPf consumption and GWP emissions
when matching with different power batteries will be reduced as well. The paper provides an answer to the
question of whether battery electric vehicles meet the requirements of cleaner production over the life cycle.
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TEREIRZE 4 . MR IR SRR RS T,
rh [ 2 L S VR AR Y EOR ST S T B ORI i
J& o [RIEE, BfiE AT HREL L SR B TR AL S BaA
Vg AT HARHLER D, XAl s G e A e
gk o ] 4 55 Rl LR L, A Al gh
RA R ME—3h TR, 3y M R R ¥ R 2 4k
PA L TR RCR S RE Y, 8 ) AR A A A
JI N B R R Re IR A S IS HE R, X el
BV BT BRI ARG e LR

UTAER , TR0 L Sl IR 4710 REICHE DR S0k, [
AN 225 R X B1) ) L REFE S AR R i A A
J5 I JEI T RHIGE . Ambrose 5 . ELLINGSEN
451 DAI Qiang 25 PETERSAC 255 {i% Bl 4> 1 i J&
WP (Life Cycle Assessment, LCA ) A5 U X 4[5 H, 5
VR 4 A B F BB 3B (Lithium Ion Battery, LIB) i
A7 %% PRI FE FNER BE 52 WA 4 A 5 SUN Xin 25
ACCARDO 457 7T~ v [ A 4 4 H el A3 17 5 1) 5040
A5 B LCA Jr ik PG I s Ak 1 ER A B — oo &
¥ Hijth (Nickel Cobalt Manganese , NCM ) Xif 4li i 5/ 3¢
FH 220 28 v, 2 75 T 4 A= A S 39 PR 458 52 0 ; AHMADI
2% CHEN Mengyuan %5/ 43 BF T i 2 2k 21/ i
(Lithium Iron Phosphate, LiFePO,, LFP) i il & . fiff
FH < RTe R P 7) FH 46 4 A= i o 100 45 B B 1) BR 5 5
AT S B PR 8 B SCH R O Ak I I A 5 £ XS LFP
PRGN Y5, BSR4\ LOAKIMIDIS
400 7ZHU Lingyun 2612 X-F 40855 1 % IH LFP
CERININES SEN TNV E o NNe/ VA3 EB775 == DS = o 3} 3
R A% 2% 1H LEP H Jth %F 6 58 19 ¥ 78 52 i 5 RICHA
AU 2R e AN A Bl VR A A R A L Ttb (Lithium
Manganate, LiMn,0,, LMO) (4= 7= il & iz 175
DA K A % 1l Wi 3 A B B 1 B 5 5 el 4 A7 2 55 40
Bro BRAT IR AENS N 2l i 3l 1R 4 4 T B R R
(Lithium Titanate, Li,Ti.O,,, LTO) #4174 iy J& ] i
Y73 B, 75 3 LTO H sk B8 | RE IR S P B8 1 52 1)
BEXT Al SR AN R S B B 3l ) Fa b Y BEAE 5 R
S, 53 2 3 R F LCA J7 ¥ % LIB Al IR i
7 LMO HI LFP""' [LFP Al NCM " # £7 % Lt 43
B, DAB 2 S sk o BR R i 3l 07 F b 28 A H g AR TR

AFRVT 4 3K 80 7 vt X B B0 S A 56 S 4 A, B
5T 25 R TC 1 RAE b 5 5% T VSR AN [R] 30 7 H )
2l H B VR4 DR 1 ) 1A 1 4 A TR B ) B U L
U5 S S 520

MENSNA SCHCER , BRI T2 3R 4
B8l 7 Ha T RRIHERIF 5 1 PEAN X S 2 o0 B2
RISl I . PR ge Ha okt e o . B A3l )
FL Yt 5 % 4 FL St X LU 0 BT A R R S 2 ZE X B AT
T ) 77 1T T L 1 4 5k ) ) R sl A i S T
SIS . R, ARSCIEF LAAE SCHRII Y S
A, A i JE I A B 4 3k sl g s b A T A A
JAATEA ST, 4 4 33N 71 H it g Sk A% o DG i 51
[f]— 3 BEV Hh 347 A iy Ji S VP AR A0F 90 5 08 4
Bro WEFEEE R Ry 8l 7 st Aol 5 % Al A A
il 3 K 7 i g e S RS SO, RIS SR 4l &
JE SHE AR DRSS
| 1 ViR
1.1 iR 5EERIE

ARSCUL S AT R . BRI Y
P - Z8 ROV N4 RS, UL 4
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NCM, LMO, LTO), Jf4iFm A 4 3K VEfic A A 3h
TR A SR G, S BIXT 4 5K BEV #E 4T 42k i
JE 9] ADF (f) il GWP 5B EVEM 158, 454 [ SE 5
s . HORBRZ . SRS 25 R X 4l lg gl 4
20304F ADF(f) 1 GWPIELLH#EAT I 307 . 45K5)
77 FL Tt 5 R AR A B B T 1) S SRR R R UR T )
JIH LS FE S E NSNS SR, R R
FEORIE T GaBi F A E 8 22 o % T LS R ER A 11
il 325 3 AR pR TR R AT AR DAL B, AR [ 2 A
s AT AR
12 RGaR5hEERA

A= i R PPAN SR A8 X4 7 il A A4 A= i SR 40
AR L LD RNV A PR BT S e AT I S AT AR
) B . VR4 LCA 4 i 77 2 4% i 1SO14040 i
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1.3 HmiENIER

S VT 28 78 18 22 14 52 8 B AN ETAN A5 L 11
Lt b, P BB 2 R A A VA P B B e ) 2ok
TR A OB X 4l B VR AR BBl g HL T Y A DGR
P, U A EVR I AEH ADP(£) 5 GWP (LA CO, eq
TH) 3 P 34 A T4 1 2 ) R G4 A e IR TH AR
HiRE SIS, H A5 5 M 5 kg
2.1 R FEREU

AR FERG AR INRER R E S | RE. 3
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fF L A B FE SO L3R 1, BRah i i 2l
BRGSO THAR RS DL 3 2.
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T s A o B R F A A AR S I
THAE, A0 R 4 P 2 T By B 1) i e S A
THFEW R 3~4,
23 EBITERME

afi L SR 40 T B Be iy REJRH AR 5 PR HR L
BORPETHUREMTHAE, HIEIL I - %8 BEV A iy
JEAAT B B A 150 000 km, LT A HAFREFE
12.3 kWh/100 km P57 A1, % 420z 47 6 By By
HLRETHFEZI M 69 916 M,
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Rl AMARMNBMHERMEIEREIE B ke

R2 HBEHRENERMEIHEBE " B %

B AL LFP NCM LMO LTO AL CERVIN CEE 5 Jr HiIRES
LFpP' 82 - - - G| 36.2 5.0 68.7 80.4 -
NCM? - 92 - 228 A 27.6 8.3 1.9 3.7 -
EM LMO? - - 144 L 36.2 475 0.8 2.6 -
sl 68 64 79 112 ek - - - 5.7 -
H A £ )5 PVDF* 4 4 5 10 B - - 0.1 = =
A 51 60 63 - AL - 23.0 17.4 3.0 =
LTO’ = = = 170 B - 3.8 - 3.8 =
i il 41 37 47 - Y B 2T 4 - = 6.6 = =
IR - - - 24 HLY = 12.4 = = =
PVDF 4 4 5 10 B = - - - 39.3
I T4 9 6 8 18 B = = = = 6.8
ZER 13711 BRIR £ J i 26 18 23 51 bl = = = = 53.9
PSR R 26 18 23 51 Hiflh - - 45 0.8 =
RN 6 6 8 35 N T .
e RI3 BEDEHIEERITERE ) BAA: Mlke
R 1 1 1 =
A1 Hi BB ik
R 4 4 6 =
Bl )y HL 27 8.8
g - - - 177
GiALN HEhL 5.28 1.9
Gl 5 5 6 =
LR 1.38 -
B B AT 4 1 1 1 =
Fl A 18.00 10.70
BHW =P (EU-28) 3 3 4 35
5 3.43 =
LN 2 2 2 14
BMS J#E 1.39 0.42
EEN i 2 2 2 15
WA 12.50 =
Bt ZERTA 335 326 429 950
e 6.86 2.03
KR [23, 26-28] [26-28] [26-28] [16]
B 4o At Lok [13] o
VE: 1. 27 1 kg LFP %k 26 kg CO,eq fi10.06 kg SO,eq s R4 BEEMMKAER SAL: Milkg
2./E7 1 kg NCM 72/ 36.8 kg CO,eq #110.08 kg SO, eq *"'; By e g
3.7 1 kg LMO 5 27/ 19.6 kg CO, eq F110.045 kg SO2 eq s ookt _ _
BB LM RALIHRE . N
4. B M PVDF ISR O s A R SR 518 ~
5.7 1 kg LTO 7 2774k 18.3 kg CO, eq';
6. 757 | kg A PRAE T ZEHHE 0.047 M HLEE 5 feaz - 2.03
747 1 kg PR TS LA AE 2.66 M HELRE Yrkkiz 0.45 =
META SR G M B R e, AR H ke 0.61 -
SR BRSO PR TG B, Hoh 5 428 RS 09 -

PERHE SR 5 A AR RE IR T AE LR 5.
2.5 TEIE2030 FiE=E

AR F B I R R . ALt
Hil s T PR REFE . IE IS MR A B HER . L)
SR AR LA SRR A AL A R R 152 e, X
2030 4F-5)) J) Hijth &% BEV fb A BRI #E 5 GWP U 17

WM, Hhsh b AR L R b A R
(RERE . IE S IE AR B BRHE R S BT WL 6,
HL S 25 AR AR L2 7. CITRE S BT RB IR IR R R I
LK 2.0) $EH, F]2030 4 4f H sl 3R 45 AL R
BB AR 20%, 1AL ¥ BEV 5 42 8% 4% Fi 2 F %
20%.
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x5 BRBENESEMSRBHEREERE

il ek i il

[T/ % 90% 80% 90% 92%
KRR 0.02 - - 0.15
REVR TS #E/MI H, 423 2.24 9.54 0.80
I - 8.24 - -
B\ niz

ARSI EH B S0, FET ADF(D) 5
T SAHEBOY PN bR, #sh b 5 A 3k
B A PE BB 43 S ADF (F) P4 58 50 ATl =2
SHEOT AT W43
3.1 ADP(DIFMiEE

RN BT AN R 3 3 f it AR 7 B B b DE e AS [m]
3 7 v it A B 7R 4 AR A R B ADF () 5l = S
TRHEAE A, A SCH 2B i JR 91 ADF (f) 432 B4R
55 Re A AR
3.1.1 #H A

AR A T AL S ORI T 1 e AR 3

ZEFARPEHI TR Be i) ADF(£) 2 :

Ep= 33 (m) o). ] - (1)

A, my W AT LA IO R )
NRGEEWIECRE ;s WHRIFIS; e, k= 2y
55 R R TELT o 15 PR TR AR s o
TRV
il 2 B FE A ADF(£) 4
mm:ZZh%mwwmm¢ (2)
K, ey, WHEIEA: 5 B R 5 i AN AL BT 14
EUR IR s ey, FE /% F S 5o 2 R A5 4 A 2L o
it o BT (5 RO AR I s BN 1 RGBSR
By o WREE RIS

W4 A JE 3 s ADF () A9
E,=E_+E,._. (3)

3.1.2 #e R A M

AE VR JE A 1% ADF (f) = Bk R F £ 12 17 B Bt
(UFHLAETFE. K N BEVATHI GBS, km, CH
KA AN HAFREAE, kWh/100 km, e b HL BEfE 4
%, WIBEV REVRJEIH Y ADP(£) 4 :

Eq = > (35 % K x C/100e) (ey), .o (4)

e i JE 1 ADP (F) FELF M
E.=E,+E,, +E.: (5)
3.2 GWPiEf#E5
A= i Ji 3 4 RS R DA AR [ A £ 5 b 3
FURRHE I
3.2.1 A
F AR T B I 2 SRRSO R -

Po= S (my) (P o (6)

S, R RS R4 TR HE B R 5
Bl AR 5 O IR SR
AR i S P B B 2 2 AHE T SEL

P = Slen) (P i) (7)

K, py, AR AR R BER BT HECA S R
PUIHERCY 5 kRS e HECS T RS
322 MHAH
A A 7 18 1R 2 AR HI TS B 8 I
P, = (3.5 x K x C/100e)(ps;), s (8)
X, py, AR TR AR i FRBE R BT HEC A RS
WIS B kTS QRO SRR A
W0 A i o 900 2 AR A
pP.,=P, +P, +P, - (9)

F®6 2030FFHFHEMIEXSHETLTNIE

FL B kg il iE iy B BEFE/M

TR AR 5/ kg CO, eq

LFP NCM LMO LTO HLfiE KIS
2021 335 326 429 950 20 8.8

2030 253 248 326 570 10 5

NCM LMO LTO 55

29.4 15.7 14.6 0.9
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R7 2030 FEFHHRMEXSHETATRIE

B kM Rl B ORPHAEZRH HAl
2021 71%  15% 4% 3% 2% 5%
2030 48%  18%  14% 8% 11% 1%

B\ 2T 5 4 R
4.1 BhAEMEFM ST LT

BEF 0 SCHE HE B A, R GaBi #g
HH G B ik B P2 55 i SC T R SR Ak ARG B 5 2030
ARG RO, AR LFP, NCM. LMO. LTO43X
N [) 2 7Y By 7 Bt A A i 300 AR 7 1 3 B B ADP
()5 GWP SR . AR 3) 7 it 2F 7= il 1 o B 2021
4F 5 2030 443 ADP () 5 GWP 41K 2 7 .

120000 q
100798.3516
1000001

800004

600004

ADP(fyM]

415582597
374928 37368.29606
19954.37658

400001 2842445254
17737.05585
200004 i 1334191

ol mm = e D T o e

LFP NCM LMO LTO LFP NCM LMO LTO
2021% 2030 %

BMS Ui m G w B m ORI mA R m R miblddE o sl

(a) ADP(D)

(b) GWP
B2 it e IS MR ADP(f) 5 GWP
i1l 2 T, B 7 sl B 7= By Bt ADP () 5 GWP
HE ik {5 fr K #0708 43 51 24 LTO . LFP . LMO . NCM,
LTO,LMO ,NCM, LFP, i LTO H it /f: 7= 1 ADP
(D) VHFES GWP B HEMCR & , 43 4124 101 000 MJ |

21 700 kg CO,-eq, NCM HL3th ADP () J5 FE & AKX,
28 400 MJ, LFP Hi it GWP HE it fe i, 4 5 440 kg
CO,-eq. FEJE M Ti%3h 7 v 1t o it AH A i, Ry
Al F b 1 2~ 3 %, LA JE A RS S, T L
A H, b ) 3 2B i 5 SE AR AR 7 i 3 8 43 19 ADP () B
s HH BRI AL, 4 380 07 H e TE A% A 7 il e B B
A I IR = SRR, 2 B R R B ) HL S OE £
e 1% PEA B (LFP .NCM . LMO LTO , {7 8% ) 1 A4 7%
o LA A e B HE AR F

TEAE SRS P R HE R R A . L ) 454
Ak 3l 77 H i e A A SR A s e T o B T A
ADP () Kl T~ R (it fb i 1254 ) | IEAR A4 kHE
77 i 1 5 GWP R B R T 454 36 R b ek
HEBCER T T R ) o 2030 45, 4 3K 8l g v it AR 7= ol 1
ADP () 43551 N F% 46.7% .53.2% .52.3% .58.8% , GWP
I3 R 43.6% .45.4% 47.1% .55.1%.
42 BELGREBANIES M

BT SRS A RCE R R GaBi B
A G FE Al S e 5 I SC T iR BR Ak A ORH F 5 2030
ARG SO B, W ARASUCAC 43 LFP. NCM, LMO,
LTO MUK AN [ 2 AL 5y 7 v v 1) 4, 20 9 4 4 A i ]
191 ADP (f) 5 GWP 45 1t . AN [F] BEV 4 4 i i 1]
2021 45 20304F ADP ()5 GWP W& 3 /s .

HI 3T, B4 A R RE IR TH AR SR E R
K HE LTO>LMO>LTO>NCM., 32 % [ H /1 45
F52mR , VCECAS 3l 7 o it #E A2 408 R B B A HE
SREVEIEFE L e iE (60%~70%), % [ b B
P2 10%~20% M IER AR . Herb, DRHC LTO Hi it
4 &l v, 2l VR 25 AE FL L AR 7 I R AR B ADP () 5
GWP, 8 H AR 2E P= ik ) REFE S HERL, T 7E DT
Bl LFP, NCM. LMO 453l Jj s ¥y 4l 2l i 4
B 7 HL A 7 5 R A AR A 7 I REFE S HE O
U, AT VLB e A R R S A HE AT R
dib, 2 A PR B 50% .

TEE SRS VAR HE A L Ty 5 Ak |
B 7L R B AL SR AR T, 2030 4, LFP \NCM
LMO . LTO VU 8l 1 it Af 7= il ¥ ADP (f) 4351 T
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450000
400000 A
350000
300000
250000 4

200000 -

5 150000 4
100000
50000+

0

-50000 -

ADP(£)/MJ

LFP NCM LMO LTO LFP NCM LMO LTO
20214 20355

il mI R mIEAT R m A eI o BT

(a) ADP(D)

60000+
50000+
40000+

30000+

200004
10000
0+

-10000~

GWP/kg CO,-Eq

LFP NCM LMO LTO LFP NCM LMO LTO

20215 20354
w I w LR m IS BN mRENI o il

(b) GWP

B3 [EAL4 AR AR EE L4 ER ADP(f) 5 GWP

F% 39.8%. 40.7%. 40.8% . 43.9%, GWP 4> 5| T F#
45.5%.46.1% .46.1%.49.0%.
43 BIRRESH
431 WwA%EH

Fe 1 B HiH ) S5 AT T B IR A b, AT
LK1 R E, Srd—EWEn Y, AF T
FRE X" HAR T AUk

AR SC PR [ ) S5 A8 S URPE R -, B TR
71 7% FFIR B8 & H R AR ST L9 R AF T ke 1)
BT, B 3PP R ) SR . AEIX 3 Rl el Y
L S5 R v, R T B L BRI R 10%, 20% il
30%, HAKULFER 8, 381 I8 550 i e IR & R AR
KIJRA ], LAWESE 53 B AN [l 15 5T Ve BCAS [ 5
FIH MR 4 175 4 ADP(f) 5 GWP, HAKIEE T
VE T 4 #K 5 J7 Hi 3t f9 BEV 4% 41 584> ADP (f) 5
GWP & 4 s .

4TI, g R vl e ], iR XU
K BA R AETE TR RE IR & i Lu 9], DCTC 4 Fh sl ) e it i

RS HMRMHENRIEN

HL 1454 FERbR WA 5t 2 53
JHEH 71% 61% 51% 41%

7K HL 15% 15% 15% 15%
JANEN 4% 9% 14% 19%
KBHAE & HL 2% 7% 12% 17%
(L 3% 3% 3% 3%
HoAth 5% 5% 5% 5%

A ZR R A I REAE S HEHGE SRR IR, FE
JEH TR E K T s b T T R 1 BRI R A
AR, MRS, ADP (D) E, [F
WA BRI MR DR S HER R I T5 e . Bl K
F1 5% L AR 10% . 20% . 30%, VCFCAS [H 3 1y
HL L 19 %8 2 ADP (F) 4B 2 B AIK 18%~20% . 27%~
30% . 48%~57%; it F A HE K Bl 2 FEAIR 12% ~
20%. 20%~30%. 27%~41%. FHrULH NCM H
b (19 21 L 37K 4 ADP (f) B [ dge i, VT LFP At
2l B R GWP HECT B2, VLI LTO Hi
A4 3754 ADP(f) 5 GWP T BEARXF AR

432 Ak

2 77 H Y A P S R v B2 H Tt A L SO
W 2 X0 B AR 38 A7 T FH B B 1 i A RE B AT AR
] o A SR X 2l L Tt 7 R BEA T SR 3BT
AL HT RS SRR AR T 90% . 95%. 98%, A
[Fi) 15 56 T DR FC A 7] 84 3 Ha 3 (4 20, 8 75 42 ADP(f)
S ESAEARCE A, BARESE T R IR BEV % 240
R ADP(£) 5 GWP W&l 5 f 7 .

HI S AT, ddad FE B RCR i T, Al 3k
A W ADP () 5 GWP ¥4 — i B2 FE %
i, M3 )b AR T 2 98% B, B it
ADP (f) ¥ & 6%~7%, GWP $ [ Ik 4%~6%.
o, DR NCM HE it 9 40 F 3 73 4 ADP(F) [ i e
K, VERC LMO H it i) 20 37 42 GWP Bl IR K
M PETC LTO H, L (14 20 F, 217 7 X6 7 F A% 1 U Pk
FHXTEA
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450000 4
400000 -
3500001
300000 H
g 250000 4
& 200000
g 1500004
1000004
50000 4
04
-50000-
LFP NCM LMO LTO LFP NCM LMO LTO LFP NCM LMO LTO LFP NCM LMO LTO
oAl w1 22 %3
=Ll m i R =IZ7r A e f Al = 2 HE [ oMl
(a) ADP(f)

600001

50000

40000

30000

200004

GWP/kg COyeq

100004

-10000 -
R MR WR3 MR R
LFP NCM

= w AR mis AT

MR fiE2 MR iR MR f5Es
LMO LTO

BN ma R o St

(b) GWP

B4 ARBRNEHTREIAXTRHNRMHEEEFEHADP (f) 5GWP

B\ =i

DAA: i AL PP AR A R S B0 ik R S, Rk
4l Bl VR A A A IR E R, (R ITIZ TT] GaBi
THEGT UG C S R 28 70 8 o Fi b 9 0 P 7R 42 4 2021
552030 4E 9 ADP () 5 L% AR HE R4S SR b 47 X L
WS I 1R ICH, ) 454 15 70 RSO UM PR R 1 7
SRR AT BT, DU X BEV 2 1 J&) 101 RE#E 5 HE
R REMAFESE o S KRR SR

(1) shyrad bl fe b, i T
ARG R, FTLLLTO Mt BAT 5 =i (19 ADP () 5
GWP, i HAT = e HE B 19 1 S b A o 3 7 v
WA 7= Y B ok TR 1R E AR, T LRA

B B9 GWP,  HL il 325 5 15 [ B A Fi R 5UAE I
F, Y A i S R R ADP(F)

(2) VCRECANI) 8l 7 H b 4l F )75 2 26 i J 19 4k
A1 HEJRIH#E LTO>LMO>LFP>NCM, 4= ERAZ 02 75 (H
LTO>LMO>NCM>LFP, %% BEV iz {7 F i Bt ¥h 45
HERC S REVRIHAE 5 e (60%~70%) , K I
B B 7= 29 10%~20% B IER SR, Hedhsh ik
7l 3 A A A 7 o 3 P A A e R PR HE B e
¥ (40%~70%)

(3) 220304, BEHKEH 45T . H
B R . RIS R HE R TR RR AT, DT
i AN ] L b 40 H B0 S ADP (F) $5 B AR 40%~44%,
GWP 4 T B 45%~49%, L 3o §Us: 43 B vl 1

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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(a) ADP(D)

(b)

GWP

Bs5 ARFEERMETLER4IRTEZNNEMEEEEGEYADP(f) 5 GWP

e WL 7 Z5 R A AL 55 78 R R B0 B e 3 R A0
# BEV LA N RERE S HE, ELR &5 po it
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