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Fig. 1 Boundary system of primary aluminum production

22 RESHFHRIHERE
2.2.1  WEARR = AAHEB B 2R 2 A Y
FIEROR Y oG K AR R AR = ]
FOO AR IR = SRR AR IR . % PR R TSR A
T
1) HRBUERR
G =Par xGar + Gy (1-Par) @

K G FRTERAMGH F R R =S4k
;s Par RRFEIHERELH]: Gar RRSBIHEHIA
M ER I 2 AR HEIR s Go 287 A et SR 45 iR =
SRR

2) HL 4R
Ge =PE; + P,E, + Ry Ey + P Ey + PoEg )

s GeRon 1 kW-h FEHLUIRIR %= SR HEBE 77
Prv Pus Pws Pny PsZ0iill3R7R K730 7K 73 RIS
BE. KPHBERMBEES]: Er. Ens Ew. Env Es 43
MERINK I KIT. KT BERE. KFHAER IR
SARHRBA T

3) FRAER LA A



150 T EA R R

G =PFraEra +Gy(1—Fra) (3)

X G FRTEA[F A AR LU PR 2R R iR IR = <
R ; Pra RR SR LA Era KR FLAEER
= AR Go T R AR iR = AR E .
4) JREHRER
G =PyaGra + 1—Pra)-
[Par (GEWar +Gap) + (L= Par J(GEWy +Gap )]
G = PE; + PyE,, + PyEyy + PEy + PsEs

(4)
o War e AR 03 T i AR FE L & Wo Al
BB T AR Gar BRHEIIMNEE K
el
222 A4 ESEHERUN TR
RS IR 2 Ao T R - S b E i
Az Al = AR HEEAZ O S iR ) (LT
fEl PR T )8, AR AR P iR RO B S R
IPCC A g ARG EIER, A BRHMIEAL & #h
. PAPVESIRE . BRI R S R E
JIEAE o g AR P IR = AU I ] A e
2019 4 r ] [X 3 P Do it 7 2 HF R ) ST 4 [
1~ IME
223 HASRARESEASRETHE
AR AR P IR 2 A T ERIR T s i
FE 55 1 AR IR A FH R A FH 1) £ 70 1) TR B HE i B
PR AR 2 ] IPCC ] g W HFB 5
ik, BTHEITES R A I R i
EICIR
224 FREWNITIE
W TC K FH & 3488 Bl 1 350 1 3 S B0 55 18 ok il
AR E =5, NI oA SEILBRIAUE B bR R 1) &
AR 2 SRS B B R . AR B IEA
XA Fe

1
Mt(l) = W(Yt +Yegtot Yeona) (%)

1
Mt(z) = W(Mt(l) teeet Mt(E)NJrl) =

1
Mt(zl) + N (Mt(l) - Mt(i)N ) (6)

Arb: MO A—REFHITFEE: MO kB
DR SOEEN\ISEE 2R ORIk &

20221 H

a =2M® — M@
bt =ﬁ(Mt(l) - Mt(Z)) (7)
Yor =8 +bT, T=12, (8)

N Y NTIGE R t AR HIEG T vt

2.3 HIEXIE

JE A AR A P A R R B R EORUE T E A
4B Tl % K E R G0 R A BRI 11, J5i4S
KHABEFHARSHFERETHEA LR
TV A5 R AR SR 17100, BEFERE T EORIE T
HE B4R TSN, SR RS . 45
AT R J R A SRR T G 5 Tl oK 2 Tk oK
A 7B B 5K TR S 6 s S A B /e

3 ZR5SHHE

31 AEHESEIMNEITEL

B 2 fios 3R E AR A P i = SRR T S
T Bl 2(a) s A FRE (CN) S BRI (EV). db3E
(NAM) St 537251 7K 7 (GLO) B o7 JE AR A 77 17 5 %
xR 4200, iR [E 2020 FEERATIAH SGAE =
Bl e R kA, H 2018 45 2020 R4S AE = HAR
KRR, BRIRZSMAHILL, Btk 2020 3R E
AL SRR AR IR E A HE S RS R 2018 FAHK
Z59L. M\ 2000 FEFFAR, FRIE AL AR RS
PRHECA R B, 2015 4R 2000 4F R R T 40.3%.
2015 442 2020 4 FA7 JFAR AR P I L & SR HE U
TrRa. MW FokE, 2010 42 2015 4F A B
RPN R, RE AR AR T
—EMIEL, BROBARRE AP E RS, &
HFHEBEAE WA L R, ErEAR
H B 4 1R 1B T e N FE L SR IERY, REAE S5 g
YISO & Ak . ZEHR I SR 458 77 THT, 2010 4F3R
[ k1% B b Hik 73.4%, 2018 SEFEMK A 70.4%,
KITRHE G TR 3.00602223, — @R LK T
FEHL 51 S (0 A 1260 = SR HEI

T 5t 5 3 B 51 % Hi X 4 T = S A HE
TR0 B 25 SRR B, 5 735K SFAH B, 2000 4,



H3RBH LM

UM, & FET HARR S E A BORHE S ik g s B 151

2005 4F J 2010 3 E ¥ T F-FE/KF . 2010
SEF] 2015 A2 [A) R R AR IR == AR HEBUT IR
WK TSR SR, 5RO R AL M X AR L,
o] ol J5 A A iR = A HE T AR R e, R A
FET W Sk 71, FRE KR S LR 2
TR S AL X . 2018 AEJL I X K Sk HL L
59.4%, KRHHKIX K J7 % L i B 40.5%1241,

B 2(0) s AR IE L BRI JB 35 5 1 557355 2000
FEZ 2018 E R REE, fHE 2(0) e WL, K
b X G40 B AL T s, (iR
fa. FREFIH FREEA T EAHES . 5RO
JbEXTEERE, FRE 2000 4F AR B RO 54T
FER 25%, JBSERERE R 20%. {H 2018 3K
8= s A A 2 T BRI 473.3%, dbE K
975.9%. MEHFIEEXIEE, FREM 2000 4
JRERFE B T 12.1% Kk R B 2020 4RSS &
A4y 57.4%. AT LR E R ARAT L K R 4R H T
W, AU RS K.

Bl 2(c) Firom AR 5t 57 T [ 5K b X 5 4
AR EAABER . BT EREK, RE
JEARR = SR HUS R EA T BTSSR, iR
SRR AR PR AR S HESCE R B, AN 2005 A1)
30.9%34 2 2020 1114 50.0%

3.2 {EHMBAHREARNANRE S AHHAIR T

T 22 S JE B AR I B FH AT AR AEG 55 A 7 1 R
FERBRHER . 77 B AR AR P i FE S R 600 KA
e VA b 00K H i R AR, K T L R AR R RE R &
12000 kW-h PSLEA EBVE ] . B0 HLAA FE AR 80N,
PEMIBAR . A% A1 R BRI Vi A5 F AT B AR Rk BH
MR RR AR RS 2T R, ok e il & S s
BRI AIVE o 45K FLIR A AR B AR THT 1) N — A%
K HLAR B (600 KA DL )it Ak, #efE
B e, feSEOUigE SERE I AR TR i AR 57
AR R EANFR R R =i 1 H AR o FEAR N,
2 1) A AR AT S I ) P AR A DR K FH A R R
BB FBABNIELT, I RS AR HE
PRARER AT FEREAE, BEOE IR/ T 4 S PH RS
A FABR(PFC)Y SRR . — 75T, A%k
BETE VR 0 FU AT AR AT SE AR B R BRAG 90% LA L,

30
(a) ——CN
25 —— NAM

[Se}
(=]

\ GLO

e measi ]

GHG emission/(t CO, eq)
= O

W

0
[=3 (o] < & e} < o <t o o0 (=3
S o o S 2D = = - = = Q
(=] (=] S [ (=} [ (=} (=] (=] (=] <
o o ()] o (o] o o o o™ (o)} o
Year

~

® ——cn
—— NAM
GLO

(9] (o)}

S

Primary aluminum production/107 t
(= (3] W
{?l\\\\?

=

S o T Y XX o NN T v X o
S o o S @ = = = = = Q
S & & & &S o o o o o o
(o IR o~ I oN I o HENNNE o BENN oN IR o NS D o IR o BENNN o |
Year
12
(©)
——CN
10 ——EU
——NAM
GLO

GHG emission/(10%t CO, eq)
(o)}

0
(=] o < ol x® (== (] <t O o] (=7
S © o @ S = = = = = Q
(=} (=} [ (=3 (=2 (== (=3 (=] <o (= (=]
o (@] o (g\} (o} (o] (@] o o N o
Year

B2 FRE AR = AR AR A S5 B

Fig. 2 Analysis and comparison of greenhouse gas
emissions from primary aluminum production in China:
(a) Domestic and foreign time series comparison of GHG
emissions of per unit primary aluminum production;
(b) Domestic and foreign time series comparison of primary
aluminum production; (c) Domestic and foreign time series
comparison of GHG emissions of primary aluminum
production
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Table 1 Predicted power structure

Generation Baseline year-generation
mode/Scenario structure in 2020/%

Scenario 1-2025
generation structure/%

Scenario 3-2035
generation structure/%

Scenario 2-2030
generation structure/%

Thermal power 68.88 62.18
Hydropower 17.77 17.56
Wind power 5.53 6.41

Nuclear power 4,76 10.36
Solar energy 3.06 3.50

57.92 53.30
17.46 17.36
8.19 10.14
11.95 13.67
4.47 5.53

"2 2020~2035 FEAN[A HL S5 IR = AR 1

Table 2 GHG emission factors for different electricity mixes from 2020 to 2035

GHG emission factor/[kg CO; eq-(kW-h) ]

vear Hydropower Thermal power Nuclear power Wind power Solar power Total

2020 0.00204 0.74861 0.00070 0.00017 0.00011 0.75163
2021 0.00204 0.73573 0.00087 0.00017 0.00011 0.73891
2022 0.00204 0.72291 0.00104 0.00017 0.00011 0.72627
2023 0.00203 0.71010 0.00120 0.00017 0.00011 0.71362
2024 0.00203 0.69729 0.00137 0.00017 0.00011 0.70098
2025 0.00203 0.68448 0.00154 0.00017 0.00011 0.68834
2026 0.00203 0.67522 0.00159 0.00019 0.00012 0.67914
2027 0.00202 0.66596 0.00163 0.00020 0.00013 0.66994
2028 0.00202 0.65670 0.00168 0.00021 0.00013 0.66075
2029 0.00202 0.64744 0.00173 0.00022 0.00014 0.65155
2030 0.00202 0.63818 0.00178 0.00023 0.00015 0.64235
2031 0.00201 0.62814 0.00183 0.00024 0.00016 0.63238
2032 0.00201 0.61810 0.00188 0.00025 0.00016 0.62241
2033 0.00201 0.60806 0.00193 0.00026 0.00017 0.61244
2034 0.00201 0.59802 0.00198 0.00027 0.00018 0.60246
2035 0.00200 0.58798 0.00203 0.00029 0.00019 0.59249

HAAHE B KA AR G AR 2 2018 SR A 1t
W ESAHGE ) (L% 3). & 3w, i
Az B = R RO 0 AR T R AR IR = AR

R34 LRI E A HOE )
Table 3 GWP of producing 1 t of aluminum

GWP/(kg CO; eq)
Category Primz.iry Recypled Aluminum
alumina aluminum

CO; 13647.79 680.17 11569.87
CH, 8.49 1.62 7.39
N-0O 64.96 3.14 55.05
CFs4 630.54 0.00 529.51
CoFs 128.11 0.00 107.58
Total 14479.89 684.93 12269.40

77, FAERIRE SRR 7] 5 5.59%.

B v i 2 AR HESOE ) RN AR, e i P AR 4R
PEE EERA AR 1t &R AR IR = SRR
J1784k . S5 RUE 5 FoR . BEAE B AR A
R, AR R E SR HEBOE 1 R R
P, ML A 20%0, IR ESAHEBOE )
2 11.7 t COz eq/t 55, [EIE N 9.96%. MFA%R
i Lb ik 3000, i = ASAHEBOE 71 2 10.3 1 CO2
eq/t £, BEIEN 15.6%. 4HAEES 5 Hik 50%0,
T = S ARHEE F1 &N 7.58 t COz eq/t 47, PRI
N 38.1%. [Htt, $ETFFRAE AR R SR A PR IR
AR A S —
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aluminum on GHG emissions of producing 1 t of aluminum

Effects of different percentages of recycled
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R4 PERILESE R R
Table 4 Change rates of aluminum production after
peaking for three scenarios

BAU LIR HIR
Year (2030 up to (2027 up to (2021 up to

peak) peak) peak)
2022 - - AP<4.7%
2023 - - AP<4.8%
2024 - - AP<4.9%
2025 - - AP<5.0%
2028 - AP<3.6% -
2029 - AP<3.7% -
2030 - AP<3.7% -

2031 AP<3.4% - -
2032 AP<3.4% - -
2033 AP<3.5% - -
2034 AP<3.5% - -
2035 AP<3.6% - -

4 251

1) M 2000 FFF4s, FE A7 1t R RE ES
PRHEBGE 1 2B T P34, 2015 45 2020 =
SAARHEBGE e TR, SR T AR RKCR, 2
T T BRI B AbSE X, =5 B R R 78 T FE 3 9 45

Mo BT s, RE AR E AR
BAEMAFEERE AL ER AR T
50%.

2) G5 600 KA & LA 1K B H A A R0 SH AR 2808
P ) S SRR 1) 78 55 243G 0 10%, ] RHRR = S
14 210.43 kg CO2 eq/t Hifif# . 2 [ 7730 T ] AR
REVR A7 LTI, AN H 798 2R 450 (A8 4k, 2035 4F
B [ R R S MR HE RO Bk 2020 4F R R
16.76%. AR 8 G HIA 30%, =S ARHE
T 1 %A 10.3 1 COz eq/t 55, 5 2018 EAH EL 4
ME A4 15.6%.

3) HAENE S (BAU). IRt e 5 (LIR) K
Uk RS S (HIR) S st T 45 KB, 7£ BAU
fEEN, BESEHBCKHE 2030 FIAFEE, A
451141 COzeq. 7F LIRS, HESEHCH
£ 2027 ik A, N 4.31241COz2eq. fE HIR 1%
B, @A AHCK A 2021 IR FIIEAE, 4 4.07
2.1 COz eq. fKAE=RDILRBA, B TH>E
G, TR B R Bk 0 (1 BR i 2% A
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Analysis of carbon emission reduction and carbon emission peak for
aluminum production in China based on target scenario

LI Ming-yang, GAO Feng, SUN Bo-xue, NIE Zuo-ren

(National Engineering Laboratory for Industrial Big-data Application Technology,
Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract: According to the guidance of the national carbon peak target, the historical data of greenhouse gas
(GHG) emissions from primary aluminum production were calculated and analyzed in this study. A multi-factor
analysis model of GHG emissions from primary aluminum was established by forecasting the potential for
improvement of electrolytic aluminum production technology, power structure adjustment and recycled aluminum
production in China for the next 15 years. The GHG emission reduction and carbon peaking pathways of primary
aluminum production in China were explored under three scenarios including the baseline scenario (BAU), the low
improvement efficiency scenario (LIR) and the high improvement efficiency scenario (HIR).The results show that
the GHG emission potential of 1 ton primary aluminum production in China illustrated a decreasing trend over the
years. The potential of the advanced technology application of aluminum electrolysis, the change of electricity
consumption structure and increasing the proportion of recycled aluminum for the GHG emissions reduction of 1
ton aluminum were forecasted. The GHG emissions of China primary aluminum production would peak in 2030
with the BAU scenario, while in 2027 with the LIR scenario and in 2021 with the HIR scenario, respectively. The
variation range of aluminum output in the three scenarios was then given as the limiting condition to ensure the
peak.

Key words: carbon emission; carbon emission peak; primary aluminum; recycled aluminum
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