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100a 77 3% 1 & B U B £ 1000 kg B4 = JL BT IR 4K 72 5 8 8% 2 7 4 2. 07x10" kg CO, eq, 7 H Eco-indicator 99 7 % 2t & T
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CARBON FOOTPRINT ANALYSIS AND ENVIRONMENTAL IMPACT ASSESSMENT OF TYPICAL
RECYCLING PROCESSES OF SPENT LITHIUM BATTERIES BASED ON LCA

Sun Jie'” Dong Qiang' Zhang Di* Guo Shaohua’ Xiong Mei’*  Zhao He®”
(1. Department of Energy Materials and Chemical Engineering, Hefei University, Hefei 230601, China; 2. Innovation Academy for
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Green Manufacture, Chemistry & Chemical Engineering Data Center, Key Laboratory of Green Process and Engineering,

Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Under the " carbon peaking and carbon neutrality " goal, the recycling of waste lithium batteries can achieve
pollution reduction and carbon reduction through resource recycling, and alleviate the tight supply of metal resources. It is an
important strategic research direction of the country. Currently, hydrometallurgical recovery processes are mainly used in China
to recover waste lithium battery cathode materials, but the long process flow leads to unclear material and carbon footprints and
three wastes generation in different processes. This study focuses on the typical hydrometallurgical process of recycling and
regenerating NCM811 ternary precursor from waste lithium batteries, and conducts a comprehensive life cycle assessment and
analysis of each link of the entire process from the perspective of pollution reduction and carbon reduction. By establishing
input-output models for different unit nodes in the recovery and regeneration process, then use the IPCC 2013 GWP 100a
method to calculate the carbon footprint of regenerate 1000kg of rich-nickel ternary precursor products as 2. 07x10* kg CO, eq
and the Eco-indicator 99 method was used to conduct environmental impact assessment on each process unit. The results showed
that the carbon footprint of pretreatment, precursor synthesis, and removing nodes respectively contributed 42.99% , 23. 46% ,
and 21.66% , and the environmental ecological index was 582. 88Pt, 380. 94Pt, and 394. 06Pt, respectively. It was clear that
pretreatment, precursor synthesis, and removing units should be focused on pollution reduction and carbon reduction.

Keywords: recycling of waste lithium-ion battery; reduction of Pollution and carbon emissions; life cycle assessment; carbon

footprint; environmental impact
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AL 9 K SR N T S A e Ak 1 BE R i B Bl S XL
e HARJU N B, EAEK A Bl 308 T R % i
J T G W ) R R AR A R R SR AR
K, EERGH AR . b E AR 7 = 2011 4E Y
29. 742 ETH#] 2021 4E/Y 232. 6 {2 R KT 7.8 %, SR,
AR MR TN AE K B RSN A R %
G ft o 5% 1) B R O A O E 4T B, AN AT AR T vk R AN I
FHE TR M Hb S R e ik B 55 A R0 R T AT
B A 258 2K, 58 2R 5 09 4 i 41 4 52 4%, a0 2Rk
AN A Tl e, G e Y B 4 S N ER AR RS N S X AR R B 3R
¥ AR S A ) 3 I AR R R A 2015 4Rk %
SEARFFE A IR AE 2020 AEFFIR DR @ 0 . T 2025 AR R
T MDA 3K ) 370 258" 12 IH 48 W 3t (o] W5 25 o < FE 5
T Hm G R, — 5 T AT DA R R A v A B
BIEREETS Yo [ 55 — T LUK 8 8 B E A Mg o E
[l SR B R R 0 B R % il 3k R B XK R
T, A Ak B 152 R b TS R Dk 3 A MR VR I 4
K3 BESME T KB SRR £ . MR AR 10 13
i AR AR e B, BN KL UL R 4
2 15 A vl [l s R PR L A B AR AR, 4 i o) i e i A
Pt B g BN B A A R P G R T, AR 1 4
TR TE A e IR A PR Tt 28 5 AL 3 43 B T AR IR AR M R A
W 4 J8 B R 2 T 40 SRR B DOUE 43 B ) A% BB B s E AT
MR AR 0 A, TE R Wt R S T AR R e 2
FYT B — A A AR I R IR

H A L BHE Y (life cycle assessment, LR i F#K“LCA” ) J7 ik
)z T A A TR R RN A R A A i R0 B A 2
B R — R RS P R AR
AR 15 B S 43 B R A BT B 90 3R 0 %o 3 5 119 VS 7 52 il
FREE JFHER LCA 19 B 1Y B T SR I0 S5 A BE 52 W 1 3 7 45
SISO HlIT T 1SO 14040 A5 i, 48 LCA St 25 3R 432 H b
SRl A8 S T8 B4R B i AR A8 SR AR 4 A3 40000 o L
Ja AR E R FA R IF R LCA TAESHFse 4R 4t T 5Lml . #
WA LCA J7 7 CML 2001, Eco-indicator 99, ReCiPe 2016 I
Impact 2002+55 . H AT, £ F b ™ 39 B 358 A28 0 1) R 3 2% )
AHL X )32 56, LCA BIFSE 8k ) 12 R B 40 H it 43T 880, Kelly
25 0T LT 1 Ay R U 2 0 2 T S [ XA 7 NCML 2K 780 L it
REAE HERC /K FEA7 A2 P 22 B 3 335 19 AR R 45 4 ] DL 2B
7 il G PR TS IR ; Rebecea 251" ¥ L LFP \NCM Fl NCA #4
FEL Tt SR 4, 43 ) SR AN [) TRT g T 25 L A IR B 5 i), & 3R
BT 2 BA e 0 A BE AL 25 5 Xiong YT T EverBatt
TR 7 i 43 BT 1 R T [0 WA B 05 0 8 B WD AT P R I R il [l o
T AT LG B8 VR T RE 0 D 8.55% , iR = R HE i & ok >
6.62% , AT 2 1. 87 $ /kg; Kallitsis 25 fifi il ReCiPe 2016 J5
AT T 13 FhIRBERE 2S00, & B e it [T p 55 1) IR ek 25 2
Bk [ b 2H PR R A JE T A R i, SR BE R E A
AR T AN R IEAR A R S T r gt 2F 7™ B IR B s il 25 18 3 T
P il 2H AN [ 20 3 [ S0 B 5 5% i L 22 480 2 e 17 ™ i i = AR

[F] T2 AT 0 A= A AT A, T T P ok o ) R R
4 MW T2 A By 76 H o B A% A BT o AR i = 5 0 9 52 e P4

PRI | A PR 5 T A5 508 8 I B Pl i 0 0 4 Il i 20 4% B
JCAL R N H T J AR A S AT A . M A R T i
A = 0 SR AR 1 e R R N B B S W JEL I [0 o T2 v R R
FIE TR A BB 5 ) 8 K IR AT, R0 LA TS R R D 1 G
T N TR g R 2 D x4 T Al A IR B A 4 1
RPN Gii iy 1T
1 ARAESIA

ABI ST R A LCA SRR Bt Ah Ak 97 5 P St 74 A R o) 45 R
i b S AL [ N, 4Co, ,Mn, ,(OH), ] = JG R 9K {4 e b 1F 4% 44
bR A T2 S AR 0 Bk R I RN R BE R W, 1% B SimaPro 1E A
LCA 431 5f4 , SimaPro 1F 2 — 3K & Mk LCA 48 4 M 3k T
HOWRE TRFEMHRA LS =L RS w ARk E4
R SRR R BT ) I T ek i R RS R
Wiy (2 OGP R S bR D 0K S BRI T Ok B
IPCC 2013 GWP 100a, ¥ 555% M PEAr J5 £ $% Eco-Indicator 99
(AR HGE) ZOTIE D T 11 FREREE 5 0 510 AL 55 bs A 3
RlE — Ak T8 5, BLA: 548 0or B Ak 7= W B D 2 i R B S
1.1 BAFER5#HE

AW LA B Al Tt WA A1 ) A R A A = o i B4R T AR
R A2 7= T2 S BRI 4 TK S 2 38 A ol BT 0 ) R R
W2 BN [F] & 2 ) 4 s i A AE — E Y 25 R AR A Ik
EECIR il N N S O (S B s R A AT
( Functional Unit) , R i 32 4 DA B0 0sCF- A= ) T 20 &35 1000 kg
R NCM811 = JTif 3K 7k 7™ i A 1T 4 X 4, 5] B A 7 2% 1 )
77 it AL WAT Y A 1) BB 52 0 7 RN . T 1 S TR B Y ] i A
ZICHTIR A B T 2R G5,

1 R Y TR Gl
AHITFE LA P it 1m0 T 56 = 5 Aol B gt 280 A 7 g A
RWRFERT G %A A R A [0 A A RS O, B A AR
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e A of HL Tt [T ATl - 3K B v o Al SR FH 1 B I ik
Mgy AR TR R .

Ak B I B « 5 4 I HEL 1 A o Sl 3R A O A R AT R A BF
i J5 15 B M ST B AR 5T BRI AR | TEAR 5 A0SO v, SR R IE
e U 2 AR o T T BE AN R 43 i T B b AT R A AN A
Wi B B vp I B B M T2

1212 B Bt - THUAL B85 00 0 bR 1E AR b ) 28 Jin ok 3R AL R
I TR B R IR N 48 HEAT IR R AR R N 5 Ak AR
R PRV, R R A R R SRR ZEZE VR A 40 °C R IR A R
FHMAE FEE ML 64T B 5 3

Bk 2% B BE . 0 55 R AR R BRARAS 2 A i A, R IR S Y B AR
VoS E A B A T, R UE VR O AT B Bk R B e R
W PPV T UE A B S A B RV A A 5 I SRR P A
Th i (9 SR AL BN B TR A, 2R VR B I IR 2 90 C &
F RN pH M 1.5~ 1.7 Z[8), il 4 8k &3 S A i =
BRJa FMA AL WO pH % 2.0~ 2.4 i Z A
BB DIVE .

FEHLBY BE 245 BHCR FH AR BRI P204  PS07 4T #E B, i ik
P KA pH {E, 1T LA KA Hp Ao 50 5 25 ) T A BLE A P204
AHU . ZEIGE BT , PR32 5 B K A T — 25 A 3, 3R I
FNZ I B A T A RGO o 7K AR VA Y i I 50 A 1R A T R
SR FH PS07 ZEBGRI AT HR 40, A5 3 A8 i 1) 4 Js R DAL

TR A BB B« TR R A T Y R A L B
ATECRE , A — 5 1 (038 5L/ 880 JEORL I A A= 77 1) B TR B 5 )
RV W N T BT R 4 R RN O L B K 43 i T A R
N7 A N T8 A K TR I AR R R RE A 40~ 70 °C, R AR
N IS I R AT 3T 0 A OB N B A R Rk 28 3 i A
TRl K O IR R S HE A T B R GO T B AR 7 S = 0 K
& Ny Co M, ,(OH),,

L2 FESHBEERF

FUFIZET i R = 0T IRAR S B OR T R HRE A g
TR G LCA H “ cradle-to-gate” JR NIDKE 38K T2 3 B2 o0 gt Ry
BITRERL 5 A AR R BT R A (HORE (B TR BT R 1 T AR
i) Kt (PR AR S SR TS O IR TG A L& By
Bty B Bl o 2R R TR A O e — e A R R
2. (1000 kg) = 0T KA il BT FE B HE R, Foi T 22 850
B R A Aol 58 R Az 7= A B 8 B AL ok A PR R A BOA B
R4 B 5 5 38 B ( data quality indicator, DQT) |, 3543 BE J& 9% IR 7
FERCE K AR SCSCk SR e g 12 Hoh g i s oAU R 3R T
AR B 2 A A 5 4 [ ) — T 22 53 T e v [l g i
55 5, LABER O 10t A 2800 R 4 O is i T B TS X L ) g
B iy (4 1 24 2 3 d A B 8 T R FE L KR T A ORE R
32 i R 0 A B FR 6 Y B8 SR FH Ecoinvent v3. 6 B4R R A/E
HEHE

&1 1000 kg 55 NCM,, BIIR{E £ ar A HIE

IgE| 2 g I 4 iz i T b (i35S Bk a2 I G L & o’
Ykt JR A B T HL kg — 2000 — — — — 1.24
& = Jeil fi Kk kg — 1000 — — — — 1.24
Ly iR (98% ) kg — — 3545. 36 — — — 1.12
XA K (27.5%) kg — — 158.7 — — — 1.12
R R #H (98 % ) kg — — 177.6 — — — 1.12
/3 kg — — — 10.5 — — 1.12
TRAR AN (99% ) kg — — — 240 — — 1.12
SEACE (32%) kg — — — 1336 — 470 1.12
AR kg — — — 3 — — 1.12
P204 # HLF| kg — — — — 1.71 — 1.12
P507 B kg — — — — 3.25 — 1.12
T kg — — — — 24 — 1.12
R (32%) kg — — — — 30 — 1.12
LT /AR kg — — — — — 100 1.12
HK(20%) kg — — — — — 315 1.12
g/ S kg 160. 5 — — — — — 1.24
RKIKA Nm® — 40. 4 — — — — 1.14
7K kg — 954.54  402.58 — 3448.3 27175 1.12
EEW] kW -h — 8630 — 2244 — 2708 1.14
#IR 0.6 Mpa/kg — — 400 — — 2620 1.14
7 o i ESN kg — — — — — 1000 —
Bl W kg — 111.6 — — — — 1.12
i kg — 14. 4 — — — — 1.12
o A% 4 kg — 46. 8 — — — — 1.12
IR E kg — 104. 8 — — — — 1.12
& JE 4 kg — 29.8 — — — — 1.12
f kg — 160 — — — — 1.12
T 46 4 kg — — — 22. 82 — — 1.12
=% EA kg — 0.4 0. 04 — 0.016 0.09 1.25
137K kg — 148. 8 — — 3440 26750 1.25
EiYy3 kg — — 38. 1 562. 4 — — 1.25
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TE LCA BER fp 57 LCT I, Bdl ok i 2 Rl 0y, 45
33 AL LCA &5 SRl = W] A5 (9 8008 o i 4 i, 81 T LCA
TAER A (5 BE M, KUk A LCT T/ERE, A i % LCA B
TELE S e B e S R A M W B SO AT R W M

Bri2 BOHE RS AR B Weidema ™ 28 0T & B 3 R 4E
Ve SF A T JLART A o A 22 7 7 o, % AR A B L DA AR
WA EERFM—HARARNHEERF, T ULHA (1)
TN

a'i = exp(

AU, -Ug el AR DU B0 5 A5 AE, 23 03 O T SE 4
SEREME I TADAR DG M | b AR DM Rk — AP B BOR AR O, U
BRI A A
1.3 HraEh

TE LCA w1 LCIA (A= fii JAL 52 i PEAR ) 95 SR T — A
T i FR GV AE PR 5 e R R R SR B B, B A2 3 43 BT TS
L A 7 i 1l T2 A i e B 0 TR 3 SR HE R B 5 PR R 5
PP 2 M BE A= 25 R e 0 5T 6 45 A 8 X 3 B B B
VU (¥ PR B8 5 W) 650 a7 47 2 e E M R AE PR U
W) I T BB, AR 5T SimaPro9. 0 B 44 2 57 Il T2
FRARAY i FH I [ R () <A AL fb % 1] 22 B2 IF K 1IPCC
2013 GWP 100a J5 ¥ 7+ 508 /2 35, 23 M 46 T 2719 5 09 8% HlE
SR

TE IR ES 52 ) P47 5 1 2% Eco-Indicator 99 , 1% 5 s 5& 3 T
PS5 400 I BN 7 i 2 i ) AT BRI 5w T AN 1 U7 ik,
BT RN E OB B 5 W R AR AL AR bR BUE W R
( Carcinogens) ,FFI 18 (45 HL) 5% Wi ( Resp. organics ) , FF I i
(JCHL) #1 ( Resp. inorganics) , HL B %8 4 ( Radiation) , R A2
VS #E ( Ozone layer) , X, {6 7% 1k ( Climate change) , 4 & #
( Ecotoxicity ) , fR fb/ & & 3% 1k ( Acidification/ Eutrophication) ,
+ i I (Land use) , B 7= % I FE 3 ( Minerals) , fb A BRBLE #E
(Fossil fuels) o FRIF 11 250 BT 52w A0 — fb b PR, fi 28 091 45
B %t %R ( Resources ) . A Z&fi# fE ( Human Health) I A28 R 4
5t (Ecosystem Quality) FU#1 3 | 3% — & BUALTE R 500 in , 15
P PR A AR B (P I — S R RR & T
JC I B [R)
2 HRiTie
2.1 BRRE S HF

72 ik JE 3 ( product carbon footprint, PCF) J2& #8 £ 1 K& 4~
77 b 7 A Ay R IDI A% B B A0 i AR HE R R, R KUK
fL 45 R AR (CO,) VB (CH,) EAL T A (N,0) (R iRk
Y1 (HFCs) F 4 U8R 16 &5 9 (PFCs) %, BRJE 38 A9 THFE45 58
7 i MR B AR T ) A i A T P A R = SR HE T Y
IALCZ A, S AR 2 5 (COLeq) Rom . AN

CF = 3 P xQ, *xGWP, (1)

K. CF ok 2 i, P %’(5517k¥%&%)§,0 Jy HECE T, GWP
J AR AW AAE . R A E Y IPCC 2013 GWP 100a J5
Pt E AR E 2 BRI AE PR A 1000 kg =8 = J0HT 5K
T BT 77 A BB L 2. 07% 10* kg €O, eq, Horb (5 L B & Y 3
AR ITT KR Ay A 3 B B, AR A A B B R B 2 B B ik 2
W53k 8. 88x10° kg CO, eq,4.85x10° kg CO, eq,4. 48x10°
kg CO, eq,

[In(U) 1" + [In(U,) 1" + [In(U;) 1" + [In(U) 1" + [In(U5) " + [In(U,) 1) (1)

B 2 T 20k AL TRk Y b

FETIUARL B9 B B 4 R Tt 2 3k DL A R i lE A B 0 T R
I AT IE AR R 20 AL 22 0 0k AR A 3R AR R 3 5 22 E IR
G388 #% FIAR Bl 0 43 HLAEAT 4R Sl 0 43, Jie )5 A5 B0 IR I A AR,
TWH WAL A BN SN AR AL R D Rk 2
6 IOk B AR AR AREE 7 A 04 T HE R P i
THFE AL ) 7™ A 0 AT B HE T, B 2 30 o SR A 42.05%  HE
B L £ B B, T BT R R L ) A 28 VRO IR VR A T I R
HET, 32 a HE PR 3R DL RE R T RE O 3, Bk R 5 E 23.26%
T 7 FR 5 Bk 2% B B ol B2 2%, 3% T 25 B0 B oA 0 TRk A 25 57
Z: 5 Ak RN, BE A R B i 2k Ak 25§ 0 [ 2 9 AT g
TR FE P A A A AL TE 35 LR A 7R L 0 1] % HE
g R T4 B BTRR 12. 06% F1 21.99% . MK IR T2 A Ay
SRR B ok N B B T FE L ) 2R IR R AR RS BRI AR 1
BT 17.76x10° kg CO,eq, TTHk 5 85.80% , Fk [ 1 [
38 1o R R T e BT RR A R R
2.2 HREHmoH

i Eco-Indicator 99 J7 ik #EA7 H 5 43 81, LA 11 RO TR B9
P8 5 0 R AL 48 A e T AR R AR = 0 R IR R M R T AT AR
i JE AN R AR EE SR AN SR 2 iR . JRXF 11 R IR BT 5% i 28
S HEAT 2 AR TR AT, H ] 3 S50 T . Sk IR 5 5 ) BTk 4K
KR FAL B FR bR 2% 6 L 4 T2, AL BB B AE B
95 0 RS A A A 33 T A 5 5 e 2 ) b R SR B AR T, 4 0
HRT 46.46% 1 41. 73% , BRI B Be 4E Ak A RRL IS #E LG 7™ 9%
PEREE 7 LU, 400 41.19% F1 39. 42% 24 By BE i T
B A4 % A I T ( TR L ) BR B R Al BT o LY 24, 949% , ZEHUKY
BUTE R EZMHAER W 0N B W TTER T 36. 12% , — TR IR 4
A B T 2% I B Xt L1 2 PR 058 2 i 7= 1) BT RS AR R 2

IRBE A 2548 B — T 20 {H 5 0 i U6 B i 45 TS B B AR
MR BT m 2 AL & 4 45 T2 W BEFE 11 Fh 2R 58 5% mi 5 fiF 4L
PB4 B — T 3 fE 0 A e b ] o P A = 0 TSR i T
oA R B B 52 ) 48 AR R RE W B (JC AL ) 5% W ( resp.
inorganics ) FIAL AT HRORHE FE (fossil fuels) , 73 % 7 1007. 84Pt Al
390. 67Pt, FLH X R IE (JGHL) B BT Rk IR ORI 3 AT A
BRIk Jg T Ak B (381, 65Pt) | & N 4 (251.37Pt) | KR 2
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1258 2023 4EEF 41 31T
X2 LCAREBEIZMBMUESINER
SR B 2 _ PR A A o 1
AL W 42 32 T b 3 iz 12 ik 22 I A R A &t

B DALY 4.01E-06 1.23E-03 2. 15E-04 6. 56E-04 1. 94E-06 5. 40E-04 2.65E-03
MR IE (A HL) S DALY 2.36E-07 1.37E-06 1. 90E-06 1. 18E-06 3.77E-08 1. 40E-06 6. 13E-06
MEWZE (TEHL) S DALY 9.07E-05 8.36E-03 3.85E-03 5.51E-03 1. 62E-05 4.25E-03 2.21E-02
SARAEA DALY 1.75E-05 1. 80E-03 5.27E-04 9.53E-04 9. 56E-06 1.01E-03 4.32E-03
FL S R S DALY 7.96E-07 1. 11E-06 2. 13E-06 2.45E-06 1.20E-07 1.81E-06 8. 42E-06
R ZHFE DALY 1. 15E-07 6.51E-08 3. 14E-07 1.81E-06 1.76E-06 8. 10E-07 4. 87E-06
AT PAF # m?yr'"! 1. 66E+01 5.96E+02 1. 08E+03 7. 81E+02 3.50E+00 6. 62E+02 3. 14E+03
R AL/ & 3R Ak PDF # m’yr|*) 2.31E+00 1. 68E+02 8. 13E+01 9.41E+01 3.75E-01 7. 83E+01 4.24E+02
b fdE PDF * m’yr 5. 29E+00 8. 75E+01 3. 80E+01 5.79E+01 7.79E-01 4. 66E+01 2.36E+02
WP VR RE MJ surplus'™ 5.29E-01 2. 08E+01 8. 73E+01 7. 59E+01 2. 18E-01 3. 66E+01 2.21E+02
A7 R R #E MJ surplus 1. 22E+03 1.51E+03 6. 07E+03 1.92E+03 1. 85E+02 3.83E+03 1.47E+04

UE:a. DLAY (Disability Adjusted Life Years) BRI R L 5 A 4F b, PAF = mzyr (Potentially Affected Fraction) ; % 4F 43 F 7 K AR L W AE ; c.
PDF # m’yr ( Potentially Decrease Fraction) ; %5 4F 45 5 75 K £ 4 b B0 09 V5 AR 08 A0 5 d. MY surplus ; RE U IT R 101 75 B4 FE A RE IR,

3 PREE R R R i AL 45 3R STk 20 A

P4 BREEA S BORRIE AL 85 R A

(194.16P t) , EZJAF K B T J 4 =i B AL # 25 F il A,
T o LR F AL A Sy SR e R e B R R A S P R E A
R TR 2 0 4 T A1 D %) Rk 1 T2 R AL 2 41 T 4l &5 38 AR
WP S X Ak A R T R S ) TR e R 19 2 A i S R
12 (160.91Pt) & 1l 45 (101. 59Pt) 2= (50. 87Pt) , 3 3 J5t
PRl Sy 2 7% M 2 Ak 27 24 30 A i RIS b B A il L R 9K R0 R R B 1Y
THHFE . T & PR BE 5% W KR AE AL 46 A 19 43 SRR 1% A 2 200D,
2 W 1 0 A Tl T2 s R o 3k 4 2% ) (4 55 o AR AN

Eco-Indicator 99 1 A «“ 2 535 3238 B9 J2 7= i « 1 ] 2% 487
RS ORZS S A O e e N2 - A B3 ke R o T
BEHETFMES W78 — A B, K 4 R85

JE T 1 FRAE AL 8 B 4% — 2 (A TR R B0 N B 2 U5 45 B A
Ffd e EBRETRMBEFE N E. SRNE S Fix, /L
A H A e ot [ 05T A =0 A O T2 A AR B R AR
SEERERE, FERENTAEESEE >R
1326. 68P1.68. 14P1.396. 53P1, fE4E 1R WA 4 T2 Il e 4= 1E
WA B IE R EERANE LSRR RERFE L, R
EHRFAESHME(21.97Pt) R/ E F7 4 (29.67Pt) | L b
87 (16. 50Pt) PR 5 5% M 45 A AL 1 20— U E B, T B
LA G50 AL R B 7E ZR5 Yl S 0] 8 7E N K f
B E LMK, EEAE RN F R A FWFWIE (TTHL) % m
(1007. 84Pt) , S M5 A5 4k ( 197. 08Pt) 3% 4 ( 120. 88Pt) . H &
(0.88Pt) . IicJi A2 Wy Ak f D VT s ok i) € R, R AN A
Tk A F Ak A B R TE FE (390.67PL) R A P W IR FE o
(5.86P1)

B s PREEAE SR BN — 55 Rt A

R P T A = TR AR B R A SRR R e T
02 X TR FL AR A Ak 27 3K 700 9 o A L R LUK
A S B AR S AR D 4 R AR VW Y R L T A AR R A
MOBHE® T2 AR SR AR IR T AR K, S R =
HE BRI R BRI 1 QR B A B P T AR M R
FGE R ITRe e SR 2 0 FE K B AR TR, 9F 7 20 7™ 3 A 3R 5%
T BRI Rt [ A A AR PR S TE B AR R ) B R
— T LA R R B IR T &, S B R I A0
BRI,

3 & it

A TIF 58 3 T A i JELSUI T4 B0 7 0 0T I L ot 9 3R 4R

R 0 KA L St TE A A R B T M T B T R R
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Frgm il RbiE B, 2 IR E SR IR B R RS R IR
B B R B2 G, AT IR AR A A BT L AR AT
TR T 0 Rk R 3 R BB R W, BB T B A OGN TE
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