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I. TEMPERATURE COEFFICIENT AND IRRADIANCE DEPENDENCE

TableS1 presents the temperature coefficient and irradiance dependence of power conversion efficiency (PCE)

for the photovoltaics (PV) collected from manufacturers and literature. It includes device type, main materials

(technology), PCE under standard test conditions (STC) (PCESTC), normalised PCE at 200W/m2 (nPCE200W/m2 ),

temperature coefficient, active areas and source.

N-IBC: Interdigitated Back Contact Technology

PERC: Passivated Emitter Rear Contact solar cell technology

N-TOPCon: Tunnel Oxide Passivated Contact technology

HPDC: High Performance and Hybrid Passivated Dual-Junction Cell

HJT: Heterojunction solar cells

PCESTC : efficiency at Standard test condition

nPCE200W/m2 : normalised PCE at 200W/m2

TABLE S1: Datasheet of Different PVs

Material Detail PCESTC% nPCE200W/m2 Tcoe %/◦C Area mm Source

MonoSi N-IBC 22.6 / -0.27 1046*1690 Sunpower[1]

MonoSi PERC 21.3 / -0.34 1092*1808 Sunpower[1]

MonoSi HPDC 23.3 / -0.28 1134*2382 Longi[2]
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MonoSi HPDC 24.4 / -0.26 1134*2382 Longi[2]

MonoSi N-TOPCon 23.4 0.9813 -0.29 1120*2308 JinKo[3]

MonoSi PERC 22.1 0.9769 -0.35 1134*2278 JinKo[3]

MonoSi N-TOPCon 23.3 0.9955 -0.29 1134*2382 CanadianSolar[4]

MonoSi PERC 21.7 / -0.34 1303*2384 CanadianSolar[4]

MonoSi HJT 22.3 0.9590 -0.24 1118*1730 REC[5]

MonoSi PERC 20.8 0.9584 -0.34 1040*1899 REC[5]

MonoSi N-IBC 22.1 0.9441 -0.29 1039*1895 SPIC Solar[6]

MonoSi N-TOPCon 22.5 0.9609 -0.3 1134*1762 Qcells[7]

MonoSi PERC 21.5 0.9604 -0.34 1134*1722 Qcells[7]

MonoSi N-TOPCon 22.9 0.9860 -0.29 1134*2465 JA Solar[8]

MonoSi PERC 22.1 0.9878 -0.35 1134*2333 JA Solar[8]

MonoSi HJT 22.2 / -0.24 1040*1865 Panasonic[9]

MonoSi N-TOPCon 22.8 0.9897 -0.29 1134*1762 Trinasolar[10]

MonoSi PERC 21.8 1.0299 -0.34 1134*1762 Trinasolar[10]

MonoSi N-TOPCon 22.3 0.9723 -0.29 1042*1740 LG[11]

MonoSi PERC 21.4 / -0.38 1029*1864 Silfab Solar[12]

MonoSi N-TOPCon 23.0 / -0.30 1303*2384 JOLYWOOD[13]

MonoSi HJT 22.6 0.9701 -0.26 1302*2383 AE[14]

MonoSi N-TOPCon 22.6 0.9709 -0.30 1140*1350 AE[14]

MonoSi PERC 21.3 0.9841 -0.34 1302*2383 AE[14]

MonoSi HJT 22.0 / -0.24 1038*1755 belinus[15]

MonoSi N-IBC 22.3 / -0.28 1039*1727 belinus[15]

MonoSi PERC 21.0 / -0.31 1134*1722 belinus[15]

MonoSi HJT 23.5 0.9265 -0.24 1303*2384 Phono Solar[16]

MonoSi N-TOPCon 23.0 0.9695 -0.29 1134*2278 Phono Solar[16]

MonoSi PERC 21.5 0.9461 -0.33 1134*2278 Phono Solar[16]

MonoSi HJT 23.1 0.9881 -0.26 1134*2382 HUASUN[17]

MonoSi N-TOPCon 23.3 0.9884 -0.29 1134*2382 ASTRONERGY[18]

MonoSi HJT 21.6 / -0.26 1038*2094 FuturaSun[19]

MonoSi N-IBC 21.8 / -0.29 1039*1895 FuturaSun[19]

MonoSi N-TOPCon 22.8 / -0.29 1134*2278 FuturaSun[19]

MonoSi PERC 21.3 / -0.35 1134*2279 FuturaSun[19]

MonoSi N-TOPCon 22.7 0.9701 -0.30 1134*2465 YINGLI Solar[20]

MonoSi PERC 21.5 0.9665 -0.35 1134*2278 YINGLI Solar[20]

MonoSi HJT 21.7 / -0.26 1041*1767 MEYER BURGER[21]

MonoSi HJT 23.3 0.9817 -0.24 1303*2384 risen[22]

MonoSi N-TOPCon 23.1 0.9802 -0.29 1134*2465 risen[22]
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MonoSi PERC 21.7 0.9838 -0.34 1303*2384 risen[22]

MonoSi N-TOPCon 23.3 0.9875 -0.29 1134*2278 GCL[23]

MonoSi PERC 21.9 0.9810 -0.35 1134*2278 GCL[23]

MonoSi N-TOPCon 22.6 0.9885 -0.29 1134*2278 SUNTECH[24]

MonoSi PERC 21.5 0.9855 -0.34 1134*2278 SUNTECH[24]

MonoSi N-TOPCon 22.3 0.9507 -0.32 1133*2278 ADANI[25]

MonoSi PERC 21.3 0.9444 -0.37 1133*2278 ADANI[25]

MonoSi HJT 23.2 0.9804 -0.258 1303*2380 SARAPHIM[26]

MonoSi N-TOPCon 23.0 0.9837 -0.29 1134*2382 SARAPHIM[26]

MonoSi PERC 21.6 0.9857 -0.34 1303*2384 SARAPHIM[26]

MonoSi HJT 23.3 0.9804 -0.26 1303*2384 Vikramsolar[27]

MonoSi N-TOPCon 22.5 0.9697 -0.30 1134*2278 Vikramsolar[27]

MonoSi PERC 21.6 0.9685 -0.35 1303*2172 Vikramsolar[27]

MonoSi N-TOPCon 22.5 0.9691 -0.30 1134*2465 ZNSHINE Solar[28]

MonoSi PERC 21.7 0.9879 -0.35 1134*2279 ZNSHINE Solar[28]

MonoSi PERC 21.2 / -0.35 1134*2288 Boviet[29]

MonoSi N-TOPCon 23.8 0.9014 -0.31 1134*2278 HT-SAAE[30]

MonoSi HJT 22.9 0.9632 -0.26 1303*2384 HELIENE[31]

MonoSi N-TOPCon 22.5 0.9627 -0.30 1134*2094 HELIENE[31]

MonoSi PERC 21.1 0.9657 -0.34 1134*2094 HELIENE[31]

Organic PM6:AQx-2 15.5 / -0.107 6 mm2 Liu et al.[32]

Organic P3HT:PCBM(MoO3) 3.8 / -0.13 9 mm2 Lee et al.[33]

Organic P3HT:PCBM 3.3 / -0.2 9 mm2 Lee et al.[33]

Organic PBDTTT-OFT:PCBM 9.4 / -0.08 4 mm2 Xu et al.[34]

Organic PBDTTT-EFT:PCBM 8.5 / -0.32 4 mm2 Xu et al.[34]

Organic DBP:C70 6.6 / -0.113 11.3 mm2 Burlingame et al.[35]

Organic PBTZT-stat-BDTT-8 3.3 / +0.02 1000*6400 Waller et al.[36]

Organic Heliatek 8 0.9894 0 366*1885 Heliatek[37]

Organic DIBSQ:PC70BM 4.1 / +0.4 4mm2 Chen et al.[38]

Organic PM6:Y7 15.3 1.0059 / 6mm2 Wong et al.[39]

Organic PCDTBT:PC71BM 6.8 0.9551 / 6mm2 Wong et al.[39]

Organic PBDB-TF:IT-4F 12.2 1.0340 / 100mm2 Cui et al.[40]

Organic PBDB-TF:ITCC 9.8 1.0426 / 100mm2 Cui et al.[40]

Organic PBDB-TF:PC71BM 8.4 0.9907 / 100mm2 Cui et al.[40]

Organic PCDTBT:PC71BM 6.1 1.2844 / 47.5mm2 Lechêne et al.[41]

Organic PBDB-TSCl 13.0 1.0210 / 4.4mm2 Park et al.[42]

Organic PBDB-TF 12.1 0.9072 / 4.4mm2 Park et al.[42]

Organic PM6:L8-BO 12.5 1.10661 / 4mm2 Liu et al.[43]
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Organic DTCPB:C70 6.7 1.0022 / 4mm2 Chen et al.[44]

Organic DTCPBO:C70 5.8 1.1266 / 4mm2 Chen et al.[44]

Organic DTCTB:C70 4.4 1.1386 / 4mm2 Chen et al.[44]

Organic DTCTBO:C70 3.9 1.1468 / 4mm2 Chen et al.[44]

Perovskite graphene 12.5 / -0.21 910 mm2 Pescetelli et al.[45]

Perovskite Triple Cation 18.5 0.9997 -0.17 10 mm2 Jošt et al.[46]

Perovskite FAPbI3 10.7 / -0.12 9 mm2 Zhang et al.[47]

Perovskite PCBM/FAPbI3 14.6 / -0.11 9 mm2 Zhang et al.[47]

Perovskite Triple Cation 5.92 / +0.0078 1350 mm2 Stoichkov et al.[48]

Perovskite Triple Cation 20 / 0 25 mm2 Tress et al.[49]

Perovskite PTAA/MAPbI3 16.4 / -0.13 6370 mm2 Deng et al.[50]

Perovskite CsPbI2.85(BrCl)0.15 19.0 / -0.10 8.32 mm2 Wang et al.[51]

Perovskite CsPbI2Br 11.3 / -0.23 6.25 mm2 Dong et al.[52]

Perovskite PTAA/triple cation 18.1 / -0.36 11 mm2 Moot et al.[53]

Perovskite NiOx/triple cation 17.2 / -0.12 11 mm2 Moot et al.[53]

Perovskite PTAA/triple halide 15.9 / -0.25 11 mm2 Moot et al.[53]

Perovskite NiOx/triple halide 17.9 / -0.26 11 mm2 Moot et al.[53]

Perovskite MAPbI3 9.1 / -0.41 16 mm2 Jacobsson et al.[54]

Perovskite MAPbI3 12.5 / -0.23 20 mm2 Leong et al.[55]

Perovskite MAPbI3 11.3 / -0.41 10 mm2 Schelhas et al.[56]

Perovskite MAPbI3 12.3 / -0.22 20 mm2 Bush et al.[57]

Perovskite MAPbI3 16.1 / -0.18 29.3 mm2 Fu et al.[58]

Perovskite FAPbBr3 10.9 0.9050 -0.3 14.75 mm2 Yue et al.[59]

Perovskite FA0.9Cs0.1PbI3 16.7 1.1554 / 9mm2 Wong et al.[39]

Perovskite MAPbI3 12.2 0.8995 / 40*60 Ryu et al.[60]

Perovskite MAPI(500nm) 18.4 1.0447 / 9mm2 Du et al.[61]

Perovskite MAPI(750nm) 19.0 1.1136 / 9mm2 Du et al.[61]

Perovskite MAPI(250nm) 18.1 0.9493 / 9mm2 Du et al.[61]

Perovskite MAPbI3 17.0 0.9397 / 3.2mm2 Troughton et al.[62]

Perovskite Cs0.15FA0.85PbI3 18.0 0.9586 / 3.2mm2 Troughton et al.[62]

Perovskite FAMACsPbIBr 20.0 0.9837 / 9.19mm2 Wang et al.[63]

Perovskite FACsPbIBr 20.7 0.9428 / 9.19mm2 Wang et al.[63]

Perovskite FAPbI3MAPbBr3 14.4 0.8632 / 16mm2 Reyna et al.[64]
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Fig. S1: Temperature coefficient and PCE measured at 25◦C for different reported Silicon PV technologies.
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Fig. S2: Difference in PCE measured at 1000 and 200 W/m2 for different reported Silicon PV technologies.

Fig. S3: Temperature coefficient of Organic PV as a function of AM1.5 (a) Band gap and (b) PCE.
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Fig. S4: Temperature coefficient of Perovskite PV as a function of AM1.5 (a) Band gap and (b) PCE.

To examine the possibility that variations in device band-gap might drive differences in observed temperature and

irradiance responses, we performed a detailed correlation analysis between band-gap values and these performance

metrics across our device dataset. The analysis (Figure S3, S4, S5 and S6) clearly demonstrates that no statistically

significant relationship exists between the band-gap and the temperature coefficient or low irradiance performance

of the investigated PV devices. This finding indicates that the improved real-world performances reported herein for

Perovskite and Organic PV technologies compared to Silicon PV cannot simply be attributed to band-gap variations,

but are likely due to intrinsic differences in device architecture and materials.

Fig. S5: Normalised PCE at 200 W/m2 of Organic PV as a function of AM1.5 (a) Band gap and (b) PCE.
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Fig. S6: Normalised PCE at 200 W/m2 of Perovskite PV as a function of AM1.5 (a) Band gap and (b) PCE.

II. ROSS COEFFICIENT

The Ross coefficient is used to quantify the effect of wind speed on cell temperature. Figure S7 illustrates the

relationship between wind speed and the Ross coefficient for Silicon, Organic, and Perovskite PV technologies.

Fig. S7: Effect of wind speed on Ross coefficient.[65]



9

TABLE S2: Datasheet of selected locations

Location Latitude Longitude
London 51.50 0.00
California city 35.00 -118.00
Lisbon 38.75 -9.25

III. SPECIFIC LOCATIONS SELECTED WITHIN ANALYSIS

Within the model, we utilise historical meteorological data (wind speed, irradiance and air temperature) at hourly

resolution from the National Solar Radiation Database (NSRDB),[66] along with spectral data computed by the

Fast All-Sky Radiation Model for Solar Applications with Narrowband Irradiances on Tilted Surfaces (FARMS-

NIT) model for the site of interest. Solar panels are assumed to be ground mounted and have a fixed optimum tilt

angle provided by PVGIS.[67] The latitude and longitude of the selected location for weather demonstration and

calculation of spectral mismatch factor are provided in Table S2.
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IV. GLOBAL VARIATION OF EFFECTIVE EFFICIENCY FOR DIFFERENT PV TECHNOLOGIES

Fig. S8: Predicted PCEreal compared to PCESTC for silicon PV across the world in 2019, considering (a)
temperature dependence only, (b) irradiance dependence only, and (c) spectral mismatch effect only.
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Fig. S9: Predicted PCEreal compared to PCESTC for perovskite PV across the world in 2019, considering (a)
temperature dependence only and (b) spectral mismatch effect only.
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Fig. S10: Predicted PCEreal compared to PCESTC for organic PV across the world in 2019, considering (a)
irradiance dependence only and (b) spectral mismatch effect only.

This section analyses the impact of temperature, irradiance dependence, and spectral mismatch on Silicon,

Perovskite, and Organic PV in global variation scenarios.

Figure S8 illustrates the efficiency variation of Silicon PV. In equatorial regions, Silicon PV suffers up to a 9%

loss in efficiency due to high temperatures, reducing its PCEreal to 21.20%. Conversely, in colder regions, efficiency

increases by up to 5% relative to PCESTC . Across all locations, Silicon PV experiences a decline in efficiency due

to irradiance dependence, as the device operates less efficiently in low-light conditions. The efficiency loss due to

irradiance ranges from -0.22% to -1.65% of PCESTC . Spectral mismatch effects on silicon PV vary between -3.2%

and 2.6%, with losses typically observed at higher altitudes.

For Perovskite PV (Figure S9), irradiance dependence is negligible, so only temperature and spectral mismatch

effects are considered. The temperature impact on Perovskite PV follows a similar trend to Silicon but is less severe

due to a smaller temperature coefficient, with efficiency changes ranging from -4.3% to 4.5%. Spectral mismatch,

however, plays a dominant role, positively affecting Perovskite PV in most regions, with efficiency gains of up to

15%, particularly at higher altitudes.

Finally, for Organic PV (Figure S10), temperature has no effect due to its zero temperature coefficient. The
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device benefits slightly from irradiance, with a 0.3% to 1% efficiency improvement. However, spectral mismatch

has a significant impact, ranging from -2% to 20.5%. The distribution of spectral mismatch effects for Organic

PV closely resembles that of Perovskite PV, as both technologies exhibit strong absorption in the short-wavelength

region.
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