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Table S1 | Data for cumulative energy demand and energy payback time of multicrystalline silicon solar cells, modules, and

systems.
Data CED (MJp Wp-1) EPBT (years)

Ref. Year Cells Modules Systems Cells Modules Systems
[1] 1976 246.0 16.7
[1] 1976 510.0 34.6
[1] 1977 93.6 6.3 6.5
[1] 1985 166.0 113
[2] 1989 59.4 72.0 4.0 4.9
[3] 1991 2.1 2.7 5.7
[4] 1993 60.6 63.2 68.4 4.1 43 4.6
[5] 1995 47.4 3.2
[5] 1995 44.0 3.0
[6] 1996 243 33.0 17 2.2
[2] 1997 27.0 324 18 2.2
7 1997 239 305 16 21
7 1997 225 289 15 2.0
7 1997 10.7 14.4 0.7 1.0
[8] 1997 70.3 931 48 6.3
[8] 1997 24.1 36.2 16 2.5
[9] 1998 36.8 25
[10] 1998 354 24
[8] 1999 25.7 36.2 17 25
[11] 1999 29.6 36.2 57.9 2.0 25 39
[11] 1999 26.9 354 41.8 18 24 2.8
[12] 1999 43.1 48.1 53.2 29 33 3.6
[1] 1999 49.2 33
[13] 2003 34.0 2.3
[14] 2004 295 326 2.0 2.2
[15] 2004 29.8 325 2.0 2.2
[15] 2005 220 29.8 325 15 2.0 2.2
[14] 2005 325 2.2
[16] 2005 25.6 353 17 24
[17] 2005 232 28.2 16 1.9
[18] 2006 16.9 325 11 2.2
[19] 2006 258 29.6 18 2.0
[16] 2007 69.4 78.6 4.7 53
[16] 2007 253 344 17 2.3
[20] 2007 16.5 313 11 21
[20] 2007 13.1 252 0.9 17
[19] 2007 221 259 15 1.8
[21] 2008 331 2.2
[22] 2009 235 1.6
[15] 2009 19.7 23.9 13 1.6
[23] 2011 6.3 14.8 15.8 0.4 1.0 11
[23] 2011 6.2 17.9 18.9 0.4 12 13
[24] 2013 137 0.9
[25] 2015 15.0 20.0 1.0 13
[26] 2015 9.8 14.4 19.5 0.7 1.0 13
[27] 2017 8.3 10.7 11.7 0.6 0.7 0.8
[27] 2017 8.2 10.4 11.4 0.6 0.7 0.8
[27] 2017 8.6 9.8 10.8 0.6 0.7 0.7
[26] 2020 5.3 10.2 14.8 0.4 0.7 1.0
[28] 2021 16.1 11




Table S2 | Data for cumulative energy demand and energy payback time of mono-crystalline silicon solar cells, modules, and

systems.
Data CED (MJp Wp-1) EPBT (years)

Ref. Year Cells Modules Systems Cells Modules Systems
[29] 1986 84.0 198.0 5.7 134
[2] 1989 63.0 738 4.3 51
[4] 1993 57.4 59.6 63.3 3.9 4.1 4.3
[30] 1995 63.1 4.3

[30] 1995 40.8 2.8

[2] 1997 39.6 43.9 2.7 3.0
[31] 1997 63.2 43
[7] 1997 123.0 127.0 8.5 8.7

[7] 1997 915 95.7 6.3 6.6

[8] 1997 44.5 49.6 535 31 34

[8] 1997 107.0 116.0 123.0 7.3 7.9

[9] 1998 63.7 4.4

[32] 1999 52.2 64.0 3.6 4.4

[11] 1999 443 58.1 3.0 4.0
[11] 1999 443 50.3 3.0 35
[1] 1999 56.4 39
[33] 2000 264 338 18 2.3
[34] 2003 319 45.2 2.2 31
[34] 2003 319 56.0 2.2 3.8
[15] 2004 376 40.3 25 2.7
[14] 2005 39.8 2.7
[1] 2005 37.8 413 2.6 2.8

[17] 2005 276 32.1 19 2.2
[35] 2006 371 39.8 2.6 2.7
[19] 2006 318 19 2.2
[36] 2006 146 1.0

[21] 2008 41.9 29
[19] 2008 259 15 18
[22] 2009 233 1.6
[15] 2009 279 320 19 2.2
[23] 2011 134 253 26.2 0.9 17 1.8
[23] 2011 132 30.8 31.7 0.9 2.1 2.2
[37] 2012 16.3 212 29.2 11 15 2.0
[24] 2013 16.2 11

[25] 2015 220 275 15 18
[26] 2015 17.6 214 26.1 12 14 18
[38] 2018 155 15

[37] 2020 6.9 103 17.1 0.5 0.7 1.2
[39] 2020 129 17.1 0.9 11
[40] 2020 9.1 131 0.6 0.9
[26] 2020 5.6 9.6 13.6 0.4 0.7 0.9
[28] 2021 16.1 11
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Table S3 | Data for cumulative energy demand and energy payback time of Perovskite Perovskite-Tandem solar cells, modules,

and systems.

Ref. Data CED (MJp Wp-1) EPBT (years)
Year Cells Modules Systems Cells Modules Systems
[41] 2017 20 0.2
[38] 2019 34 0.4
[39] 2020 2.7 5.6 0.2 04

Table S4 | Data for cumulative energy demand and energy payback time of Perovskite-silicon Tandem solar cells, modules, and

systems.
Data CED (MJp Wp-1) EPBT (years)
Ref. Year Cells Modules Systems Cells Modules Systems
[41] 2017 14.3 11
[42] 2017 15
[38] 2015 14.8 15
[39] 2020 10.4 134 0.7 0.9

Table S5 | Data for cumulative energy demand and energy payback time of Perovskite solar cells, modules, and systems.

Ref. Data CED (MJp Wp-1) EPBT (years)
Year Cells Modules Systems Cells Modules Systems
[43] 2015 4.3 0.3
[44] 2015 114.9 7.8
[44] 2015 109.9 74
[45] 2015 527.7 35.8
[42] 2017 11
[39] 2020 25 6.8 0.1 0.5




Table S6 | Data for life cycle greenhouse gas emissions of multi-crystalline silicon PV systems.

Ref. Data Reported GHG (gCO2-eq/kWh) Harmonised module GHG
Year Cells Modules BOS System gCO2-eq/kWh KgCO2-eq/Wp
[2] 1989 245.0
[3] 1991 57.9 76.4 188.0 38.6 1.3
[1] 1993 42.9 55.4 58.3 114.0 57.3 2.0
[1] 1993 58.8 76.0 67.6 144.0 57.5 2.0
[1] 1993 57.5 73.1 59.0 132.0 75.9 26
[30] 1995 138.0 80.6 2.8
[30] 1995 78.0 45.6 16
[46] 1995 189.0
[12] 1996
2 1997 110.0
8] 1997 60.0
8] 1997 150.0
[7] 1998 733 555 19
[7] 1998 66.0
[10] 1998 87.0
[11] 1999 60.0
[14] 2004 320 37.0 35.8 12
[15] 2004 30.5 4.5 35.0 341 1.2
[16] 2005 52.0 20.0 72.0 38.7 1.3
[47] 2005 28.3 53.0 32.6 11
[17] 2005 55.0 31.0 11
[35] 2006 35.0
[19] 2006 291 35.0 29.1 1.0
[48] 2007 176 211 295 211 0.7
[19] 2007 238 28.0 238 0.8
[20] 2007 44.4 217 0.9
[20] 2007 345 21.2 0.7
[23] 2011 14.0 21.7 55 27.2 221 0.8
[23] 2011 355 43.6 55 49.1 444 15
[24] 2013 28.0 230 0.8
[26] 2015 30.0 1.0
[39] 2016 248 0.9
[27] 2017 21.0 26.0 4.2 30.2 206 0.7
[27] 2017 20.5 252 4.0 29.2 199 0.7
[27] 2017 16.2 17.8 31 20.9 18.7 0.6
[39] 2020 216 0.7
[49] 2020 34.6
[26] 2020 25.0 239 0.8
[28] 2021 274

Table S7 | Data for life cycle greenhouse gas emission of mono-crystalline silicon PV systems.

Data Reported GHG (gCO2-eq/kWh) Harmonised module GHG

Ref. Year Cells Modules BOS System gC02-eq/kWh KgCO2-eq/Wp
[29] 1986 1175 280.0 1737 59

[29] 1986 43.0

[29] 1986 29.0

[2] 1989 250.0

[50] 1992 334.0

[50] 1992 238.0




13

14

15
16

[50] 1992 77.0
2] 1997 150.0
[46] 1995 99.2 14.8 114.0 62.5 26
[30] 1995 192.0 112.2 38
[30] 1995 74.0 432 15
[30] 1995 72.0 54.6 19
[28] 1996 121.0
7 1998 304.3 6.7
7 1998 223.7 49
133] 2000 62.4 69.6 324 102.0 41.0 1.4
[28] 2003 72.0
[15] 2004 4056 44 45.0 454 16
[14] 2005 45.0
[17] 2005 62.0 355 1.2
[35] 2006 450
[19] 2006 320 37.0 320 11
[36] 2006 225 08
[28] 2007 76.0
48] 2008 16.4 203 30.0 203 0.7
[19] 2008 24.0 29.2 24.0 08
[23] 2011 26.0 33.0 5.0 38.0 356 12
[23] 2011 69.0 76.0 50 81.0 82.6 28
[37] 2012 38.0
[24] 2013 36.0 288 1.0
[26] 2015 493 17
[38] 2018 246 255 0.9
137] 2020 25.0
[39] 2020 15.6 209 07
[49] 2020 423
[28] 2020 429
[26] 2020 230 224 08
[28] 2021 27.0 429 231 08

Table S8 | Data for life cycle greenhouse gas emission of Perovskite-Tandem PV systems.

Data Reported GHG (gCO2-eq/kWh) Harmonised module GHG
Ref. Year Cells Modules BOS System gC02-eq/kWh KgCO2-eq/Wp
[38] 2019 10.7 10.7 5.8 0.2
[39] 2020 3.2 3.2 43 0.1

Table S9 | Data for life cycle greenhouse gas emission of Perovskite-silicon Tandem PV systems.

Data Reported GHG (gCO2-eq/kWh) Harmonised module GHG
Ref. Year Cells Modules BOS System gC02-eq/kWh KgCO2-eq/Wp
[42] 2017 5900.0 5900.0 219.7 7.5
[51] 2017 27.7 47.0 22.3 0.8
[38] 2018 475 475 255 0.9
[39] 2020 12.7 127 17.0 0.6
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Table S10 | Data for life cycle greenhouse gas emission of Perovskite PV systems.

Ref. Data Reported GHG (gCO2-eq/kWh) Harmonised module GHG
Year Cells Modules BOS System gCO2-eq/kWh KgCO2-eq/Wp

[43] 2015 825 825 6.1 0.2

[44] 2015 350.0 350.0

[44] 2015 370.0 370.0

[45] 2015 5866.7 5866.7

[42] 2017 6600.0 6600.0 2458 8.4

[51] 2017 172 40.0 139 0.5

[39] 2020 34 34 4.6 0.2
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