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Abstract: Indium is a key raw material for solar photovoltaic (PV) thin-film technology. Understanding the
patterns of indium consumption is not only a prerequisite for scientifically managing the indium industry but also
holds significant importance in realizing the dual carbon goals. Based on four energy transition pathways and two
indium use intensities, this study calculates the CIGS installed capacity and scrap volume from 2020 to 2050
using the dynamic material flow analysis method. Subsequently, the indium demand trend, scrap volume, and
potential recovery volume in the PV field are predicted under eight scenarios. The results show that (1) under the
four aforementioned energy transition pathways, the installed PV capacity in 2050 will increase by factors of 8.3,
5.6, 6, and 5.1 with respect to that of 2023, respectively; (2) the cumulative demand for indium will grow rapidly
from 2023 to 2030, with an average annual growth rate of 37%; from 2031 to 2050, the average annual growth
rate will be 7%; (3) from 2015 to 2050, the cumulative scrap amount of indium in CIGS will be 436-788 tons;
however, owing to technical reasons, the role of scrapped CIGS in alleviating indium supply is difficult to reflect
in the short term; (4) relying solely on zinc concentrate smelting to extract primary indium will not be sufficient

to meet the medium to long-term indium demand. It is suggested to strengthen the investigation and evaluation of
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indium resources, determine the resource background, promote technical research, improve the utilization

efficiency of indium resources and the level of indium recycling, strengthen the research on development and

utilization of co-associated mines, and consolidate the domestic indium resource guarantee capacity in multiple ways.

Key words: dual carbon; indium demand; dynamic material flow; photovoltaic industry
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Fig. 1 Distribution of indium reserves and resources in the world
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Table S Changes in different parameters and indium use intensity in the battery
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Fig. 4 PV and CIGS installed capacities under different scenarios
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8 Fff 5 T 2020—2050 4G AR 7=l %o 4 1) B AR
ToRNE 5 poR, 28R ER:

(DT RIGHORF, GRS 1 75 5K AT K
HX 3 AR B 5B — B Bod 2023—2030 4R,
8 il st N HH A TR B PG G I, AR
SEE R 37%, X HIRERER 2030 ik
(1) H AR A — 2, % B B bR nl B AR BE VR U 2ok
TR BH R B B LR 5 A0 & v Ee ), S 3850 0 ) 4R 1
R R B T B 2031—2050 4R, HHIM R
TG SRAR T — B B, AR S 3E N 7%, X
JEH T 2030 ARk IR IG5 AR ALY W 27,
Z G RSB R B AR, R0 R R R ER K

(2) B T8 T 15 0 17 S5 6 R 1) 7 oK B 3 v T HAh
185, SRR AR R R TR RS LT, F
2035 4E ) BTSSRI 3 176 tH12 614 t, 52050
AR BT R AT HIE 13 144 tF18 324 t; BrP A 5
XoF R ) 3R SR AV, R R R AN A R 5 3 R 1
LT, #2035 4R BT R 002 2 180 t A1 1 691 ¢,
F| 2050 4EHY RFTT KBS 7378 t Fl 4673 t,

(3)CIGS  Hi th 7 A M2 BE K e R AR 40 19 75 2K
F| 2035 4, AS[A)BE RS R AR A B [ AT )
D 18%~22% AT =R, F 2050 47, HH5E T AT
WD 33%~37%H T K
3.3 CIGS HHE U #E H ot

B RV 1248 CIGS Wi MR % IS AE A I
LA A 4 ik, B R T R 2 R b v 4 ) SRR
FRYE 2B H AR S E T AT B SRIBCH Ste i a 35 f

P CIGS HLlthH AR M 2015 4ETF IR AT 37, T
CIGS W F-¥fd F A i i 28 4E, It CIGS Hiv i)
BRI K AE 2030 A JE 4 TP RBL, FE L B E
P, 8 ) [ A T AR T t, 2035 4R LU SRR IR
PO . gk 6 Fiw, 8 MR IE = T, 2050 44
FRAE B 4% AT 35 69~130 t, 2015—2050 4E 4 11 &
TR 1R 436~788 t.

A CIGS H 3y H [ i 0 2 348 Jon 450 428 7 1) A7
oA, (H H IR R A5 B AR IR B B (Li et
al., 2023; ZEFFEEAE 2023; BEPKSE, 2023), HEES
BRSSP AR A — B 221, 2 3 P X 22 £ 4R 43t
I 7 AR I MELUA B . AR Bl 2 44 % 7™ i [m]
W AR B A2, A0 B ) it — 2k
34 SHEYEEMES W

R A T HOCE, WHEMIT Y, 20 95%
Je A B R R S B BERS 5 (Elshkaki et al., 2019), LA
B A A RESE At H A B R rk e, e
W IR UG S 2 o DT s B ok R, Bk Ih
] Ji 2R A i SRR AT L Y S R A AR OGO R
(EIHE Y, 2021) $Z RS AT BRAE = 1 ¢ B 2947 74 ¢
HR Y He 32 (Elshkaki et al., 2019; USGS, 2021,
2022, 2023), #| 2050 FFA" 6 314~17 762 Ji t

14 000
CMCfié Y5 FL I ) e
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Fig. 5 Cumulative demand for indium in photovoltaic
industry from 2015 to 2050

FT 6 20252050 £EARREIFERT CIGS FH#MRES

Table 6 Indium scrap in CIGS under different scenarios from 2025 to 2050 t

by A 58 B AR AR R R

& A Y L1 ) 2°C 1.5°C T A Y L1 ) 2°C 1.5°C kil
2025 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.03
2030 0.61 0.58 0.58 0.48 0.60 0.57 0.57 0.48
2035 4.29 4.44 4.45 3.08 4.14 4.25 4.25 3.00
2040 18.64 20.01 20.06 12.70 17.35 18.55 18.58 11.94
2045 56.36 60.28 60.69 37.34 50.32 54.12 54.40 33.53
2050 125.60 128.29 130.29 81.93 105.88 110.57 111.93 69.13

2015—2050 4F EFIRE 743.04

781.24

788.38

492.48

654.58

695.18

700.14

436.12
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B R AR b A B R, R MR L T
) 150~420 f5 4547, YRTEHE AT 95~269 5. ©
BRI, E N R Z e A 6 W CCARSE,
2019; 2055546, 2023), AREFD 1= EECHEH IR
WS, ot S B A AR A TR AR I 3 K 2 TRl B,
5 21 H 3 S PEAS IR RS U A R A A BR AR R
AR AR R K 2 B 2
4 FkEil
4.1 &ig

(1) “BURKk” 50T K PHAE & HL 2 8 Bk #r 8 Be
IR RGP ) B RE IR L5 A, 4 AR S 5 17 D e
REVR L R4, 1 2050 AESGARBEHLES ok 43 1) 1
KF] 3270 GW . 2205 GW, 2 367 GW #l 2 004 GW,
J& 2023 FEREHLA RN 8.3 1%5.5.6 fiF . 6 15 A1 5.1 5.

(2)SEHL “Xhme” H AR Bl A8 78 AR Sk i
SRR . CIGS TR v & AT 3 K & T )
MEARZ —, FE TS EAN S, Hbshig)
AR R PG . YT P AR s A A Y AR
W 10 ¢, FIASCRER 8 M sRiE s, F
2050 4F, AR 40 sk X 40 4 A BE TR oK AT IA 168~
1 141 t, XTHHA BT R ATIA 4 673~13 144 ¢,

(3)2020—2050 AF-4 Yy R AT 3K K 300] 43 M
BB 2023—2030 4, B EFIES 37%,
LIS 2030 kiR IgE B AR IHROGR ALY
W 2031—2050 4, AEHGHECFIE 7%, HT
KB SR ER P & R mife s i K

(4)BH2 CIGS WA AT sl i S b1 RE, 2] 2050
AE S R AR A T D 33%~37% B AR T SR, G it
F A T AR AV R 1 ol PR e 2 R A AR 0TI 40 75 3K
(1) E BLIR AR

)BT JESLPEAE B UR, A i A LR A2 i T
PERBWE T, AORBEAE E R R EACE B, R
A B0 A DR R 3 s TR BR, (UHREE RS 16 R
SRIBUE A HRAT 77 o e LA B A G K R
42 #Y

(D) Jmas 40 5% 5 8 A A 13 o 4 AN AS [
AR IR A P IR O, BB WIERIR, &
KIS Bk B T R A BRSSP
WA, IO XA ol a7 B A /) i
Bt AH LA B | BE A TR RN A2 A8 S R IR v AR 4
BRI 5, R R S 40 i e A 5 AR R T
RETFPEM LG FOESE, 3G It e,

Q)R F AR TS, = 40 8 TR A R R
R NSRRI K- o — TS B e Ak 5 | HEER Y
ISR 2 A AR, /b A 7 2o o v 5 R DR A 40 2

IR BR AR B AR 0 &, 38l B 4%
IAT PR e . S5 — T, ST AR el
RR, W ITO $MERRIHE CIGS & 7 1 2 i
7, G R O B R, W R O T i A
P v PR AR AR L 7 B

Q) I A T & A HF A 5T . HATHE Y
PR Ok AR AR R, BRI AR s B S ARl
N B IR O, R ISR 5 T B T e S A
A AT R, RS R R T R Rt
il 2 R A A AR P, ORIBEEE R L T 5K o
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