Table S1. The timeline table for the efficiency and stability evolution of Pb-free Halide perovskites for metals (Sn, Bi, Sb and AgBi-based Rudoffite perovskites).
	Tin-based Perovskite Solar Cells

	Year
	Structure
	Initial
PCE
	Inst.
	Life time
	Test condition
	Ref

	2014.3.18
	FTO/TiO2/CH3NH3SnI3-XBrX/Spiro-OMeTAD/Au
	5.73
	Northwestern U
	T80=12 h 
	dark storing in N2, JV test regularly
	1

	2014.5.1
	FTO/TiO2/CH3NH3SnI3/Spiro-OMeTAD/
	6.4
	U Oxford
	none
	none
	2

	2016.8.29
	ITO/PEDOT:PSS/FASnI3/PCBM/BCP/Ag
	6.22
	U Toledo
	T85=30 d
	dark storing in N2, JV test regularly
	3

	2017.4.21
	FTO/TiO2/FASnI3/PTAA/Au
	7.14
	Northwestern U
	T80=40 min
	AM 1.5G, ambient air (ISOS-L-1)
	4

	
	
	
	
	T96=1000 h
	dark storing in N2
	

	2017.7.14
	ITO/PEDOT:PSS/ FA0.75MA0.25SnI3/PCBM/BCP/Ag
	8.12
	Peking U
	T80=400 h
	storing in N2, JV test regularly
	5

	2017.9.22
	ITO/PEDOT:PSS/FASnI3/PCBM/BCP/Al
	9.0
	U.Groningen
	T96≈2 h
	continuous 1 sun light in N2
	6

	
	
	
	
	T59=76 h
	continuous 1 sun light in 20% humidity
	

	2018.10.9
	ITO/PEDOT:PSS/ FA0.75MA0.25SnI3/PCBM/BCP/Al
	9.06
	NJUPT
	T75=30 d
	dark storing in N2, JV test regularly
	7

	2018.10.9
	ITO/PEDOT:PSS/GAxFA(0.98−x)SnI3–1%EDAI2/PCBM/BCP/Ag
	9.6
	NCTU, Taiwan
	T80=96 h, T30=150 h
	Dark storing in RH 60%, JV test regularly 
	8

	
	
	
	
	T100=170 h
	Dark storing in RH 20%, JV test regularly
	

	
	
	
	
	T100=2000 h
	Dark storing in N2, JV test regularly
PCE increased from 7.3% to 9.6%.
	

	2019.8.18
	FTO/PEDOT:PSS/FA0.98EDA0.01SnI3/ PCBM/BCP/Au Ag
	10.18
	UEC, Japan
	none
	none
	9

	2020.3.6
	ITO/PEDOT/PEA0.15FA0.85SnI3-SCN/ICBA/BCP/Ag
	12.4
	ShanghaiTech U
	T90=3800 h
	dark storing in N2, JV test regularly
	10

	
	
	
	
	T50=5 h
	AM 1.5G, OC in N2 ISOS-L
	

	2020.4.16
	FTO/PEDOT:PSS/ GeI2-(FA0.9EA0.1)0.98EDA0.01SnI3/PCBM/BCP/Ag/Au
	13.24
	UEC, Japan
	none
	none
	11

	2021.2.3
	ITO/PEDOT:PSS/FASnI3/PCBM/BCP/Ag
	13.4
	Peking U
	T91=4800 h
	dark storing in N2, JV test regularly
	12

	
	
	
	
	T82=300 h
	AM 1.5G, OC in N2, ISOS-L
	

	2021.7.23
	ITO/PEDOT:PSS/FASnI3/FPEABr(2D/3D)/PCBM/BCP/Al
	14.81
	SUST, China
	T80=432 h
	dark storing in N2, JV test regularly
	13

	
	
	
	
	T30≈0.5 h
	dark storing in Air RH 75%, JV test regularly
	

	
	
	
	
	T65≈ 1h
	Heating press, 85 °C, JV test regularly
	

	
	
	
	
	T70≈ 2.5 h
	AM 1.5G, JV test regularly
	

	2024.1.29
	ITO/PEDOT:PSS/FASnI3(TPPF)/PCBM/BCP/Ag
	15.38
	Huaqiao U, China
	T99=3000 h
	dark storing in N2, JV test regularly
	14

	
	
	
	
	T93=500 h
	AM 1.5G in N2?, MPP?
	

	
	
	
	
	T98= 33.3 h
	dark storing in Air RH 30%, JV test regularly
	

	
	
	
	
	T100=11 h
	dark storing in N2, heating 85 °C, JV test regularly
	

	2024.4.2
	ITO/PEDOT:PSS/FASnI3/FPEABr/ICBA/Ag
	15.7
	
	None
	None
	15

	Bismuth-based Perovskite Solar Cells

	Year
	Structure
	Initial
PCE
	Inst.
	Life time
	Test condition
	Ref

	2015.9.29
	FTO/TiO2/Cs3Bi2I9/HTL/Au
	1.09
	Uppsala U
	none
	dark storing in air RH 10%, JV test regularly, PCE from 0.17 to 0.29.
	16

	2017.8.25
	FTO/TiO2/ MA3Bi2I9/ Spiro-OMeTAD/Au
	1.64
	Hubei U
	T100=2550 h
	dark storing in N2, JV test regularly
	17

	2018.4.16
	FTO/TiO2/MA3Bi2I9/P3HT/Au
	3.17
	Swansea U
	T97=1440 h
	?dark storing in air, JV test regularly?
	18

	
	
	
	
	T87=375 h
	AM 1.5G in air, MPPT, ISOS-L-1
	

	2018.4.21
	FTO/TiO2/Cs3Bi2I9/CuI
	3.20
	NUST, China
	T57=912 h
	dark storing in air RH 45%, JV test regularly
	19

	2019.12.2
	FTO/TiO2/0.5Cs3Bi2I9-Ag3Bi2I9/PDBD-T/Au
	3.59
	USTC, China
	T80=1680 h
	dark storing in air RH 35%, JV test regularly
	20

	
	
	
	
	T90=450 h
	dark storing in N2, and heating at 85 degrees
	

	2021.9.1
	FTO/TiO2/Cs2AgBiBr6/Spiro-OMeTAD/Ag
	4.23
	Jilin U
	T85=1080 h
	dark storing in air, JV test regularly
	21

	
	
	
	
	T98=6 h
	AM 1.5G in air, MPPT
	

	2022.6.13
	ITO/SnO2/Cs2AgBiBr6/Spiro-OMeTAD/Au
	6.37
	BUT, China
	T95=1400 h
	Light illumination in N2 at 20 degrees
	22

	
	
	
	
	T91=1400 h
	Dark storing in N2 at 85 degrees, JV test regularly
	

	
	
	
	
	T84=1400 h
	Light illumination in N2 at 85 degrees
	

	
	
	
	
	T42=1400 h
	Light illumination in air RH 85% at 85 degrees
	

	2024.3.19
	FTO/TiO2/CsBiSCl2/Spiro-OMeTAD/Au
	10.38
	SJTU, China
	T97=4500 h
	Dark storing in air, JV test regularly
	23

	
	
	
	
	T93=200 h
	AM 1.5G, light illumination
	

	Sb-based Perovskite Solar Cells

	Year
	Structure
	Initial
PCE
	Inst.
	Life time
	Test condition
	Ref

	2017.9.13
	ITO/PEDOT:PSS/MA3Sb2I9/PCBM/BCP/Al
	2.04
	Academia Sinica, Taiwan
	T10=720 h
	Dark storing in N2, JV test regularly
	24

	2018.9.25
	ITO/Cu:NiO/MA3Sb2I9/ZnO/Al
	2.69
	IACS, India
	T80=360 h
	Dark storing in air, JV test regularly
	25

	2020.3.16
	FTO/TiO2/MA3Sb2I9–xClx/Spiro-OMeTAD/Au
	3.34
	NCEPU, China
	T90=4000 h
	Room light illumination in N2, OC
	26

	
	
	
	
	T92=1400 h
	Dark storing in air RH 30%, JV test regularly
	

	2022.1.15
	ITO/PEDOT:PSS/Cs3Sb2ClxI9−x/PCBM/Al
	3.42
	IACS, India
	none
	none
	27

	Rudorffite AgBiX solar cells

	Year
	Structure
	Initial
PCE
	Inst.
	Life time
	Test condition
	Ref

	2016.6.29
	FTO/TiO2/AgBi2I7/P3HT/Au
	1.22
	U Toronto
	T100=240 h
	Dark storing in air, JV test regularly
	28

	2017.5.8
	FTO/TiO2/Ag2BiI5/P3HT/Au
	2.10
	Uppsala U
	T99.8=960 h
	Dark storing in N2, JV test regularly
	29

	2017.6.28
	FTO/TiO2/Ag3BiI6/PTAA/Au
	4.30
	CEREBA, Japan
	none
	none
	30



Table S2. Single cell modules and Tandem modules from industry. The table encompasses certified and no-certified data. 
	Company
	Module Eff (%)
(c=certified)
	Aperture/Active area
(cm2)
	Ref

	Single cell modules

	Microquanta Semiconductor
	21.8
	19.35
	31, 32

	Wuxi Utmolight Technology

	19.5
	810.1
	33

	
	18.2
	7200
	34

	
	20.7
	810
	35

	Kunshan GCL Optoelectronic Material
	15.31
	1246.16
	36

	
	18.04
	20000
	

	
	19.04
	20000
	

	WonderSolar
	12.5
	100
	37

	Toshiba
	11.6
	802
	38-40

	
	16.6
	703
	

	Panasonic
	17.9
	[bookmark: _GoBack]804
	41

	Saule Technologies
	17
10
	100
	42, 43

	Solaronix SA
	14.9
12
	1
100
	42, 44

	Renshine Solar
	18
	20000
	45

	
	18.4
	72
	

	
	20.86
	927.5
	

	DaZheng
	13-15
	6000
	

	SolaEon Technology
	19.2 c
	1027.1
	46

	
	21.63
	1200
	

	Mellow Energy
	21.5
	800.9
	47

	
	20.79
	900
	

	Singfilm Solar
	22.6
	30.25
	48

	Solertix
	20.7
	2.6
	49

	Sunflex
	16.8
	1225
	50

	Rollshine
	19.71
	100
	51

	Solliance
	12.6
	0.1
	52

	PSC/Si Tandem

	LONGI
	33.9
	1
	53

	
	33.5
	1
	54

	
	31.8
	1
	55

	
	30.1
	275.56
	56

	Auner
	25.45
30.83
	275.6
25
	45

	Tongwei
	23.84
	220.5
	

	KANEKA
	29.20
	64
	45

	OXFORD PV
	28.60
	258.1
	57

	
	25.0
	16800 (1.68 m2)
	58

	
	26.9
	17000 (1.6 m2, 1m x 1.7m)
	59

	Trina Solar
	28.53
	16
	60

	GCL
	27.34
	2,050
	45

	
	26.36
	17,100
	

	
	26.34
	2,048
	

	
	26.17
	1028.6
	

	Tandem PV
	26
	100
	61

	PeroNova
	28
	900
	62

	Microquanta Semiconductor
	26.63
	20
	63

	Solertix
	28.4
	4.4
	64

	3Sun
	28.7
	9
	65

	PSC/PSC Tandem

	Renshine Solar
	24.50
	20.25
	66

	
	21.7
	20.25
	

	SolaEon Technology
	21.95 
	1200
	46
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