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Primary index Second-level index

Third-level index

Index items

Resource impact index Resource consumption index

Renewable resource consumption

Fossil energy consumption

Resource quality decline index

Land quality decline

Ore consumption

Water quality decline

Metallic ore, non-metallic ore, etc.
Solar energy, wind energy, wood, etc.
Coal, oil, natural gas, etc.

Surface water, underground water, etc.

Land occupation, land transformation, etc.
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Energy level
_______ MAT Material level Carbon
i Reduce - SR B
| Material type produgtion +«—— Material flow
L Canas Carbon anode Electralytic Primary D Energy flow
I Resource input ——— all:,mlné-lm alumln:lm Material flow
1 . : iqui ingof "
. Bauxite | B3YXI | ajiming [Aluming - - A Alurﬁnnum of technology
mining production T ingot RsA Energy flow
1 SR e RIECESSNY of technology
I +— GHG emission
| <= == GHG reduction
: () | (u)and () (i) From process emission
1 Eﬁ;ﬁg}élype 4 Recycle Recycle (i) From energy consumption
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1 consumption  Energy
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| -
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I Unit process |
1 1
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e e e = e e e e = = = e e e = e = = = = = = = = =
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Bauxite ore Limestone Soda ash  Petroleum coke  Liquid bitumen

[}

—
Limestons- 105 M Soda ash: 4 419 W) Liguid bitumen: S|
Limestons (TA): 105 MJ [Goda ash (T} 4 419 M. Liguid bitumen (TAJ: 8 MJ

Bauxite are: § 225 MJ
Bauite ore (TA) § 228 MJ

Cryolite

Petrolsum coks: 50 870 MJ
Petraleurn eake [TA): 48 807 MJ

S _
Carbon ancde: 53 744 MJ

e
arbon anede (TA): 51 574 WU Ele

Fusl oil: 617 1)
Fuel oll (TAL 617 MJ

Gryoite: 269 R SRR Solvant: 598 ) Mg 9 1
Cryoite (TA): 269 M) | Fleoride [TAL 832 MJ | sojvent Ty 3980 | Ma(TALSMJ

c
cir:

Fluoride

raybe sluminum liquid: 338 337 M

rolytic aluminum liguid (TAL 253 083 MJ

Steam: 18 301 M)
Stearn (TA): 13 008 M)
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366 GJ-t' &4 K320 GI-t ' &4, St AR R 7 ok 5%
LW 1418 12.57%. Hoh, AR R HHE S
WM 344 GI-t7 54 [ 298 GI -t B4, HIZeHEHAR N
R RV LREL N6 Gl 54, BIK13.37%.
S EBA T N A PR AR AR A P I R A PR A 13.07%, IR
BRI 2B P2 i FEME PR 4.04%,  SEAGAR A Pt FE B BRI
29.49%.

PA 55 PATA % Y5 FE 55 R Y5 X EL i 1 3 s o H G Y
FERRAR T 98D AW AR o5 B 97.71%,  E 8 9504 4 P4 1T ik
AR & B 2.29%, PR A 77 BT E A 1R BRI 2 R R T
REVE T FEE PR AG . IX MU W] 12 P de EROR DL REON &2
FERFE G URH AE BA G PR A 2 BRI T LR AR AR = R
FHAR YH AR B 9D o REJEIH FEFRAS A ARE 2R IE T HL T
RARA L IR BEERERIRD, AR I B2 5 S A 7 i
HAH Y B B 33.51% 32.60%. 30.37%. 13.54%.

[ERERE, AR BE U5FE b I DA 7 0 P A R A = I AR R
B AT REAC AL 3, THRAR B AR AR S A I B R
FeomE w4 s . DLFAESREE NIEEL, Ar7 1 tRAR S
SRR FEIRE N 48.44 GI-t' &4, MM TAM 1 tH
AR SR AESR T N 17.48 G-t Al. BAEA AR
PRI FETR P 20 R R AR BB AR P2 1R 4.78% . AR FR A P TR R AE
Uy BRI RARA . SEI . R IR RE DL R 7R 1 T
K, o h L 44.59%. 33.47%. 10.98% K 6.97%. &

Solvent Mg Mn Sr Si

Mn: 87 MJ Sr9ny S 7045 M)
‘ Mn (TA) 87 MJ Sr(TA): 9 MY Si [TA}: 7 045 MY
Fe Cu ) n
Fe S3IMJ | Cu| 58 MU 2nf20 MU
- Sy TA: B9 MJ Zn||{TA) 20 M [Ti: 855 M)
Fe [TA): S%MJ . J I Sieisos )

Aluminurm ingot: 342 781 M - -
Aluminum ingot (TA): 257 533 M) lurinum alloy; 388 484 M

Al
Aluminurn alloy (TA): 320 246 MJ

Aluminum alloy

- Elecichy: 226 430 W)
Electricity: & T84 hJ Electricity (TA%: 186 321 M)

Eleciricity [TA): 4 558 MJ

BElecticity: 51 M)
Electricity (TA): 31 MJ

Elsctricity: 10 542 MJ ]
Elsciricity [TAy 108420 |/

Digsal: 1 B85 MU
Disse! (TA): 1 885 b

|

Natural gas: § 005 W)
| | Maturel gas (TAY 8 670 MJ

Halural gas: 1710 M

Natural gas (TA]: 531 IJ

Petrol- 71 8J

Electricity: 1 355 MJ
Petrol (TA) 71 MJ i

M.
Electricity (TA): 1327 MJ

)
A J
Fuel e 857 MJ
Fusl o [TAJ: B57 MJ e
GCoal: 572 MJ Coal gas: 4 025 MJ
Goal (TA}: 572 W) Coal gas {TA): 4 025 MJ
(atursl ges: 1 263 WU
Natural gas (TA): 1 263 b
Electricity: 1353 MJ Cosl: 7 783 MJ |
Electriciy (TAJ 1 353 MJ Coal (TA} § 245 J

Petrol Diesel Fuel oil Electrocity Natural gas

b APTR: 2206 MU
CARTR1O83MJ | | capTR 02 M)

APTR: 5282 M)
APTR: 2835 MJ

%

Steam Coal Coal gas

/ APTR: 2 537 MU

N CAPTRZBMY ) caprR:1oromy )
i CAFTRiMAMI

Decrease of energy: 4.04%
Decrease by energy: 48.98%
Decrease by materlats: 51.02%

[ 2. PA I PATA A= [ IR . APTR: 45 B8 A P2 RWHE; CAPTR: % BAMZ AR = B A MHE;

1~12; TA: JebRiR,

Decraase of energy: 20.45%
Decrease by energy: 100.00%
Decrease by matenals: 0%

EPTR: 30108 Ml

Decrease of enargy: 13.07%
Decrease by energy: 100.00%
Decrease by materials: 0%

EPTR: HfRAEH AR T1~T12: LR
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300

Energy: 282.00
—

250 +

200 +

= 150
e
o
14

100

Materials: 61.78
50 |
0

PA

== Coal
wem Steam
mmm Electricity
mmm Diesel
=== Cryolite
mmm Soda ash
s Bauxite
Liquid bitumen
=o— Total materials
= Fuel oil
Natural gas
w— Petrol
mm Solvent
mm= Other fluorides
= |imestone
== Petroleum coke
Total energy

Energy: 236.81

Materials: 60.72

PATA

& 3. A7 PA FlI PATA & 4257 1 ZRARMI 5Tk

ST FAEEE. 125 & AR I EAVE & T
I3 9N 46.89%. 31.76% 19.90% M 1.45%. HEEESE
{10 % Y05 T R 5 5 R R A AR A 4 VR T FE DR 119 13.22%
SR FH AT A P A 4 AR TR SOR B R R IR, T 4 Rk e
e

4.2, TR BE (CED

SRR AR % A356 £5 G & B HER 45 R an S RTE 6
JizR. PASPATARS A &M HRE, 77 1 tHH &k
RSN 174 tF114.8 ¢, BRIKEN2.6t, FFAK 14.94%.
DRI N FH 2 a3 150 R R 4 2 PR ISR AR . B 7 AR 1 t
A 41 PA 55 PATA BRHEB DTHR XS oo Je b BioR i) . A
B A BEFEAH SRR HELZ) 785 kg CO, eq. -t H 4, FEAKHL )
[ FE R HE 2 1692 kg CO, eq. -t &

BB RN J5 B AR AE T . R PR A 77 B LA R
A 7 ok R IR HE A3 531 B AR 30.09% 35.19% 11.98%.
RAH A SR N 189t CO, eq.-t ' &4, REAMA
S RHECR 1 10.86%, P AE BRI HE R 2 R AR 5.54% .
FRPR R AR R = SRR . AR S
% 0 I FE AR HE A DT R & AR DN R A 4N T 49.29%
V845 34.29%. 12 % 12.48% & AL BRI FE 3.95%. MBHE
BRSOk A, BRCO,. CH, & N,04F, JRE4 M H4a
FL A2 BH B 0080 7 A 4 A B SR (CF, FTCLF ), T AR
BRER A S i R A I R o L = AR PR R

4.3, VEREFR R
FAREE TR I R 2B AR Z I EY .. &%
Ko PN Yo AL R IS 15 — 34 Tovk 58 e FR v O B 5 gk

NSEERY B, SUE R AR SRR Z AR B R
YRR UG R, TR SR AR A R B R 7R 15 30 20
T B AN w4 AR AR G S ) SRR DL R B 2
m R . AT B e f KESSLF AN K
B, ARG e, SRE M ERE T . B
w R YE, FAEEEAE /N T R AEEEE, R AR AR A 1
RESS T IR AEEEAL o BT 715 AR IR B AR B FH 5 77 it ot A oK
BRI R, 1815 PA 5 PATA 7= b GEAH ]

ARSCIERRAT SR . R IRGRE . AP EAE oy R B R
Fabr, UAFRAEER AN A 50 0 R A356 £5 4 411 = Fih 7
FERRTEMT S AR IR S245 . IR AR, RA 5 PAAH
o, =FpYERES B — M TR, NIHMTLARIE, Bk
M RE-FR KRR, R3RLLASOHEGEM AT RN
WS PERE T R R . R SRAFEHURILAE ). i
eV BT MIAEA (BRET U3 =F, RESHN
50%- 25% J25%, HKAlEAX (D M (2, iHEAH=
KYEREBE RE W AR AP SR (33.5%) « JiE ko BE
(32.25%) MIEAHZ (34.25%) . HIEF S2. MEAEAE &
HAAAX (3, THESH =PGRS MR — ik
RefEdr, IEANX (16) KB =F B\ VLTI 0R
1 (PAE{PATA). 0.986 (RA).

4.4. LRERIE

#S3 W T AL =7 RCL. CELFYERE 25
B OFAFRFESIND. EMITEGARIMEZRT, HLE
XA AT RN AL, G = AH RN TR T
SRR AR, HTBURHEFE. BRI B AU E &
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Diesel: 9 637 MJ
Diesel

Electricity: 2 121 MJ

Natural gas

Electricity: 10 542 MJ

‘ Total scrap: 9 637 MJ

Electricity: 704 MJ

Aluminium scrap: 10 342 MJ
Natural gas: 11 469 MJ
Si

Coal gas: 4 025 MJ
—_

Coal gas

Si: 7045 MJ

-

Mg: 9 MJ

Mn: 87 MJ

Aluminium alloy

St Sr9MJ /

Solvent Fe
Solvent: 1 792 MJ
RA: 25 724 MJ ,{ Bl
Cu: 69 MJ

- -

lAumlnum alloy: 48 438 MJ

Ti Ti: 855 MJ

El 4. FBALRA L BHER A .

B2 B FWF R IR, i T PR SR AR R AL
HARK TFE NG BB s A AR S4 Y.

=R T A3S6 Ha A A LA A K KON RA
PATA. PA. A356 RAFRAEIMLGAMERETPAGSE. W
R RFEPA L= HEARMAL, K PATA A4 7= 1] A356 %
BT LA R A SRR R . S R 2 R A
BARE A, T A356 RAARA &ML A ERE I BT
PA &4, HIRA-A356 &K E PA-A356 &4 Al LAE St /)y
ACATEE 1t B BRI 0L T 98D H B HE B BE R VE #E, DR A B
T LI H br o

5. BIRMEREYIE

B OV 45T PA. PATA 2 RA =Fh Bk 12 & & 43t

1T THERE . BREFEB MR A SR A L. SR AN S5 R R
ARGRETENE, 52207 PERE. LIRS AR B E
SO JE DUMALE T =R g Ae 1045 R A2 RA B AL, (H
RPN = RIS . BREEBUH Z BN B s
JURN 5 R BRSO EIE, AR FRCE Tt 4
AFRR AU KL, 0T se IR F L, 2T E
RILTT R RARHE BE D
AR ZHRAECA ITERE . BEIRFEE MR 0T L
B PR LR A RALR, AR A (14) EEAEAR,
K python g, FRETT RIVEBAE T4, w0 AD
Fizso B8R 80 OK, TSR B 5 S 2 KR 20 75 5K 1K) BE
T, W5 A
S={c,d,g ) (c,+d+g =1 keN) (17)
b, SERMERME; ¢ d Mg RmMERY; N
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CAPTR: 54.006
__ Petroleum coke

APTR: 941.784

Bauxite ore Limestone Soda ash

Liguid bitumen

EPTR: 1510.452

Cryolite Fluoride Solvent

Limestone 408 042 kg ash: 447,166 kg “ee |Petroleum coke: B00.176 kg R Cryolito: 5.868 kg Fluonde: 27.087 k Sohvanl 5808 kg
R OIE e Limestons (TA]: 408.042 k ash (TA) 447.106 K Liquid bitumen: 154.420 kg . Floride (1) 27 087 k
Dot ore (A B 742555 b (1A] ] [1a) a Petroloum coks (T4). 783 380 kg (0 BTN L0009 L] |Crolite (TAY 6388 ka (TA) a Sobvenl (TA). 5.528 kg
Petrol Diesel Fuel oil Electricity Matural gas Steam Coal Coal gas
Coal} 6 618 M
ol 61 I | Caal (TA) 4 461 MJ €g§} 3?2 ﬁ:ﬂ'\:ﬁ;u MJ
Petrol (TAJ: 61 bJ ~ .
el ol 350 M Electicity. 3 295 MJ Mg
Fugl oil (TA) 350 bJ gy - Flectricity (TA) 3 205 MJ
Steam (TA) 11 062 MJ Fuel oil- 487 MJ —
resel 1008 M) Fual oil (TA): 487 MJ /W 4 50 kg
Diesel {14)- 1 068 MJ . Mg (TA) 4.959 ko
lectricity- 2 102 MJ "4 - M
Elactricily (TA): 1417 MJ Eleciricity. 423 W1 Coal: 467 W ’ In
T, : Electricity (TA): 423 MJ Coal (TA). 487 M) Mn. 2078 kg
ke : o Ml gas. 1310 W] Mn (TA): 2.079
Electnity (TA) 10 44) Metial oas (1A} 185 1) 1 b (TA). 2 070 by
Flextricity: 424 M Jhiatural gas: 673 M) Sr 0 306 ky
Bausile: 6 742 756 kg Electricity (TA): 415 MJ Natural gas (TA): 973 MJ 5S¢ (TA) 0368 kg
ausil k
y ural gas- arbon anode: /01 &r
Rausite (TA): & 742 755 ko 5 (TA): 4 677 MJ Carbon anods (TAF 687 100
S T15.U08 kg
S1(TA): 115.808 kg
o, (L Eimcirotytic aluminum liquid: 1471 877 kg Alumunum inget 1471877 kg Si
T WO £.002 kg Elactrofytic aluminum liquid (TA). 1 471 877 Alurninum ingot (TA). 1 471.877 kg
‘ GO’ (TAy 98,216 kg I N:O (TA) 0007 kg -
N.D' 0.003 kg CH. 0.402 ka N 000K | Fe: 2079
A a Fo (TA) 2079 k
N0 (TA): 00103 kay CH. (TA). DA20 kg NO (TA) D.001 kg 0
Fe
CHy 0012 kg .
: ] CH, (TAY: 0012 kg ©0x: 981453 kg
CO;. 11 600834 kg €0 (TAY 331 453 kg
O, (1AY: 10 07670 - - ~ EC T
— Z S — Cu (TA). D.147 kg
CH: 0.046 kg CFa 0 126 kg
0, 3199187 ko CH{1A) 0.040 kg CF. (TA). 0,126 ky Cu
53129
o0k (TAY 2 187 173 ki NO: 0.0 kg N0 0212 kg
UL ! N (TAR Q01T kg | MO (TAY 0184 kg v
CH.: 0.081 kg COy: 217702 kg T
€O 24.830ka CH, (TA). 0.058 kg CO: (TA). 217.702 kg - w
€O (TA) 24 836 kg CHe: 0,200 kg Zn (TA). 0.320 kg
CHa (TA) 029D kg 4 n
-
CHa: 0.045 kg -
CH, (TA): D.045 kg e 0015kg ND- 0172 kg T 1919 kg
Cae (TA) DOIS kg NO(TA) 0172 kg Ti{TAY: 1.919 kg
= : " Ti
Carbon dioxide Methane Nitrous oxide Carbon tetrafluoride Hexafluoroethane
Factor = 34 32452 Faclor = 208, 120,511 Facter - 7 349 928 063 I Aluminium alloy. 1000 kg
= 6 r= aclor = . actor - 7 349 9 actor - : 5 i
iS 1'(175““’1"31{]1 o Factor = 34 (TA): 28.463 Faclor = 208 (1AL, 111152 ) Factor = 7 349 (TA): 928,083 Factor = 12 340 {TA): 188.564 ARmiriiam slioy (TAT; 1000 ka

Aluminum alloy

Carbon emission: 17 376.058 kg
Carbon emission (TA) 14 845 346 kg

[E] 5. PA F1 PATA A= =i HER B 1

FoRBRFE AN B R

BE— i, MELREG RO, Wl (18) Fim. Xf
A BEAT Python Zm F JF SR 3 45 R o AR FE B % A
2SS 4a H .

EDI=c x PER +d x RCI + g x CEI

X, o dFIgRERE R PERICEMEREL R,

WS ARILIE TR, k=5152, Ak, =5148. kpypa=
3Mky=1. B, RAGEEEMERREN, H 5640
#. PATA 5 PAMHLL, PATA Hfk.

(18)

6. 4518

PURE VBRI A ] T A5 S BB H A )
HE S VR T A e o 7 A A o A A
AR, MG EREANT, LRG0T 2 M HE AR RN 5

HAERIRER, AR KR R BRI, M4
THI P AR VAR Ak R B A o AR SOl it e iR A= iy & A
TREBARKBICHERE KR R, NIEMEEAR. R
i BRRE AR, BRSO )5 BRI S AR Tl
FREIRIRA AN R A 5 EIRL T BB SR,
DAY A356 F0 6 <5 ah o], D) i R 93 U M
TRHEFE. BRHERG PR ERE . IR IR IS IR A% f BT
JEAER AT Z YT, R RN FR R AR A B AR S A
T BT A PR TR AR AR R TS
REW, 5PASREEMLIL, Tt/ PATAFA &b 2 RA
G SRR B2 MK BT AR IR R S GIRE  Jkk
BeAR M R 32 1t A356 £5 & 4 U I FE 5 B PR R
13.37%, RA %5 7H FE 7 A PA 1 13.22%.  7E A HE
JTH s YA B A N FH K BB 65 PR AR 240 14.94% (1B HE TR
FAER A S BRHBCN R AR A 411 10.86%, A4



Diesel

Diesel: 5461 MJ CO,: 315,909 kg

Total scrap: 1979.233 kg CO; 831.092 kg Factor = 1: 1849.112

CQ,: 85.928 kg

CH,: 0.001 kg
CH,: 0.002 kg Factor=34: 56.648

CHa: 0.0680 kg

L. Electricity: 220 MJ
Electricity

Aluminium scrap: 1663.221 kg

Electricity: 663 MJ

Natural gas

N,0: 0.001 kg
Natural gas: 8838 MJ

NzO: 0.012 ki Factor = 208: 4.084

Solvent: 26.494 kg CO,;: 981.453 kg

Solvent N,O: 0.006 kg
RA: 1471.877 kg
CHy: 0278 kg
Electricity: 3295 MJ N,O: 0.176 kg
Coal gas Carbon emission: 1886.953 kg
Aluminium alloy
Coal gas: 6535 MJ Aluminium alloy: 1000 kg
Mn Mg
Mg: 4.959 kg
Gr: 0.368 kg | Si: 115.808 kg Fe:2079kg Cu: 0.147 kg Zn: 0.320 kg Ti: 1.919 kg
Sr Si Fe Cu Zn Ti

6. RA fr b BRI AN A -

13000 PA PATA

12500 Energy consumption [F5 Energy consumption
[ Electricity emission Electricity emission
12000 [0 Process emission [ Process emission
[ Upstream emission Upstream emission
11500 11.98% |
11000 -
10500 -
z 7

4000 |
3500 -
3000 |

2500 | 30.09% |

2000 L

1500 )

o — A

400

300
200

35.19% | -
100 R
o L

Bauxite mining Alumina production  Carbon anode Electrolysis Aluminum ingot
production casting

Carbon emissions (CO, eq-t™)

ANS

Unit process

7. FAL PA R PATA & AP R HEOM H
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R3  HARAA SRR 7 KA

Tensile Yield

Performance-demand Weights Elongation
strength  strength

Anti-deformation 50% 37.00%  37.00%  26.00%

Durability 25% 40.00%  40.00%  20.00%

Processing and molding 25% 20.00% 15.00%  65.00%
Performance weights 100% 33.50%  32.25%  34.25%

&4 bR R

Category RCI CEI Performance
PA 1.00 1.00 1.000
PATA 0.87 0.85 1.000
RA 0.13 0.12 1.014

A B B CHE T R SR A P B HE O 1 5.54% . PERE T
l, RASBEGEMRLPAFIEC. 46 = A Tairtyass
B RACFEFERAL, EDURRTRRAE N, RARIZEAMERRY
T PATA F1PA..

Bt

AW AR T E K E SR TR (2021YFB3704201
F12021YFB3700902) 113 45
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Appendix A. Supplementary data

Supplementary data to this article can be found online
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