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SUPPLEMENTARY TABLES

Supplementary Table 1. Data for cumulative energy demand and energy payback time of multicrystalline silicon solar cells, modules and
systems. Energy payback time was calculated from CED with a harmonised procedure, assuming an insolation of 1700 kWhm2yr−1 and a
performance ratio of 0.75. Studies that did not present results for full systems, or that present results for worst case or best case scenarios, as
well as prospective studies were excluded from our analysis.

Reference Data Year Cumulative Energy Demand (MJP W−1
p ) EPBT (years) Excluded Prospective

Cells Modules Systems Cells Modules Systems
[1] 1976 246 16.7 •
[1] 1976 510 34.6 •
[2] 1977 93.6 96.1 6.34 6.51 •
[3] 1977 270 637 18.3 43.1 •
[4] 1985 166 11.3 •
[5] 1989 59.4 72.0 4.02 4.88
[6] 1993 60.6 63.2 68.4 4.10 4.28 4.63
[7] 1996 24.3 33.0 1.65 2.24 •
[5] 1997 27.0 32.4 1.83 2.20 • •
[8] 1997 23.9 30.5 1.62 2.06 •
[8] 1997 22.5 28.9 1.52 1.96 •
[8] 1997 10.7 14.4 0.73 0.98 • •
[9] 1997 70.3 93.1 4.76 6.31 •
[9] 1997 24.1 36.2 1.63 2.45 •
[10] 1998 36.8 2.49 •
[9] 1999 25.7 36.2 1.74 2.45 •
[11] 1999 29.6 36.2 57.9 2.01 2.45 3.92
[11] 1999 26.9 35.4 41.8 1.82 2.40 2.83
[12] 2003 34.0 2.30 •
[13] 2005 22.0 29.8 32.5 1.49 2.02 2.20
[14] 2006 32.5 2.20
[15] 2005 25.6 35.3 1.73 2.39
[16] 1999 43.1 48.1 53.2 2.92 3.26 3.60
[17] 2006 16.9 32.5 1.14 2.21
[18] 1999 49.2 3.34
[15] 2007 69.4 78.6 4.70 5.33 •
[15] 2007 25.3 34.4 1.71 2.33
[19] 2008 33.1 2.24
[20] 2008 16.0 31.3 1.08 2.12
[21] 2009 23.5 1.59
[22] 2009 19.7 23.9 1.33 1.62
[11] 2010 17.3 21.6 1.17 1.46 • •
[23] 2011 6.25 14.8 15.8 0.42 1.00 1.07
[23] 2011 6.17 17.9 18.9 0.42 1.21 1.28
[24] 2013 3.71 7.82 13.7 0.25 0.530 0.930
[11] 2020 12.9 16.7 0.877 1.13 • •



2

Supplementary Table 2. Data for cumulative energy demand and energy payback time of mono-crystalline silicon solar cells, modules and
systems. Energy payback time was calculated from CED with a harmonised procedure, assuming an insolation of 1700 kWhm2yr−1 and a
performance ratio of 0.75. Studies that did not present results for full systems, or that present results for worst case or best case scenarios, as
well as prospective studies were excluded from our analysis.

Reference Data Year Cumulative Energy Demand (MJP W−1
p ) EPBT (years) Excluded Prospective

Cells Modules Systems Cells Modules Systems
[5] 1989 63.0 73.8 4.32 5.06
[6] 1993 57.4 59.6 63.3 3.94 4.09 4.34
[25] 1995 63.1 4.33 •
[25] 1995 11.3 0.779 •
[5] 1997 39.6 43.9 2.72 3.01 • •
[26] 1997 63.2 4.34
[8] 1997 123 127 8.45 8.73 •
[8] 1997 91.5 95.7 6.28 6.57 •
[8] 1997 29.9 34.1 2.05 2.34 • •
[9] 1997 44.5 49.6 53.5 3.05 3.40 •
[9] 1997 107 116 123 7.32 7.93 •
[10] 1998 63.7 4.37 •
[27] 1999 52.2 64.0 3.58 4.39 •
[11] 1999 44.3 58.1 3.04 3.99
[11] 1999 44.3 50.3 3.04 3.45
[28] 2003 31.9 45.2 2.19 3.10
[28] 2003 31.9 56.0 2.19 3.84
[14] 2005 39.8 2.70
[29] 2005 37.8 41.3 2.59 2.83 •
[18] 1999 56.4 3.87
[30] 2006 37.1 39.8 2.55 2.73
[19] 2008 41.9 2.88
[21] 2009 23.3 1.60
[22] 2009 27.9 32.0 1.91 2.20
[11] 2010 40.7 44.9 2.79 3.08 • •
[11] 2010 38.0 42.2 2.61 2.90 • •
[23] 2011 13.4 25.3 26.2 0.92 1.74 1.80
[23] 2011 13.2 30.8 31.7 0.90 2.11 2.18
[31] 2012 16.3 21.2 29.2 1.12 1.45 2.00
[24] 2013 5.15 10.0 16.1 0.35 0.684 1.10
[11] 2020 33.5 37.0 2.30 2.54 • •
[11] 2020 33.5 37.0 2.30 2.54 • •
[31] 2020 6.87 10.3 17.1 0.47 0.708 1.17 • •
[32] 2020 9.23 0.633 • •
[32] 2020 7.14 0.490 • •
[32] 2020 7.00 0.480 • •
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Supplementary Table 3. Data for life cycle greenhouse gas emissions of multi-crystalline silicon PV systems. Harmonised system GHG was
calculated from the reported values assuming an insolation of 1700 kWhm2yr−1, a performance ratio of 0.75, a lifetime of 30 years and a
degradation rate of 0.7% per year. Studies that did not present results for full systems, or that present results for worst case or best case
scenarios, as well as prospective studies were excluded from our analysis.

Reference Data Year Reported GHG (gCO2-eq/kWh) Harmonised system GHG Excluded Prospective
Cells Modules BOS System (gCO2-eq/kWh) (kgCO2-eq/Wp)

[5] 1989 245 143 4.90
[5] 1989 123 143 4.90
[33] 1991 188 94.9 3.25
[25] 1995 305 178 6.10 •
[25] 1995 245 143 4.90 •
[25] 1995 179 178 6.09 •
[25] 1995 144 143 4.90 •
[34] 1993 42.9 55.4 58.3 114 118 4.04
[34] 1993 58.8 76.0 67.6 144 109 3.72
[34] 1993 57.5 73.1 59.0 132 137 4.69
[9] 1997 60.0 67.0 2.30
[9] 1997 150 168 5.74
[35] 1992 189 142 4.88
[8] 1998 73.3 49.5 1.70 •
[8] 1998 66.0 44.6 1.53 •
[36] 1998 87.0 87.0 2.98
[11] 1999 60.0 67.0 2.30
[16] 1996 138.2 4.73 •
[14] 2005 36.4 40.7 1.39
[30] 2006 35.0 39.1 1.34
[15] 2005 52.0 20.0 72.0 53.6 1.84
[37] 2005 53.0 61.0 2.09
[38] 2007 29.5 29.5 1.01
[11] 2010 30.0 33.5 1.15 • •
[23] 2011 14.0 21.7 5.5 27.2 27.7 0.95
[23] 2011 35.5 43.6 5.5 49.1 50.0 1.71 •
[24] 2013 28.0 19.0 0.65
[24] 2013 26.0 18.5 0.63
[24] 2013 21.0 20.4 0.70
[24] 2013 18.0 18.7 0.64
[11] 2020 20.0 22.3 0.77 • •
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Supplementary Table 4. Data for life cycle greenhouse gas emission of mono-crystalline silicon PV systems. Harmonised system GHG was
calculated from the reported values assuming an insolation of 1700 kWhm2yr−1, a performance ratio of 0.75, a lifetime of 30 years and a
degradation rate of 0.7% per year. Studies that did not present results for full systems, or that present results for worst case or best case
scenarios, as well as prospective studies were excluded from our analysis.

Reference Data Year Reported GHG (gCO2-eq/kWh) Harmonised system GHG Excluded Prospective
Cells Modules BOS System gCO2-eq/kWh kgCO2-eq/Wp

[3] 1983 123 289 409 14.0
[3] 1986 43 60 2.1 •
[3] 1986 39 56 1.9 •
[39] 1992 334 225 7.7
[39] 1992 238 161 5.5
[39] 1992 77 52 1.8 • •
[35] 1992 189 142 4.9
[8] 1998 304 206 7.0
[8] 1998 224 151 5.2
[14] 2005 45 50 1.7
[30] 2006 45 50 1.7
[20] 2008 44 61 2.1
[20] 2008 34 48 1.6
[38] 2008 30 30 1.0
[23] 2011 26 33 5 38 41 1.4
[23] 2011 69 76 5 81 88 3.0 •
[31] 2012 38 42 1.5
[24] 2013 36 24 0.8
[24] 2013 33 23 0.8
[24] 2013 26 25 0.9
[24] 2013 24 24 0.8
[31] 2020 25 28 1.0 • •

SUPPLEMENTARY METHODS

Data filtering

Data filtering was performed on the data gathered from the LCA studies cited in Supplementary Tables 1-5, to exclude studies that in our
opinion do not reflect the state of PV production corresponding with the reported data ages. In order to maximise the available datapoints, we

however only exclude those results that:

Are specifically mentioned to be valid for worst case or best case scenarios

Are specifically mentioned to refer to prospective studies

Are not for complete PV systems, but only for parts (e.g. only cells or modules).
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