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P: Lifetime power production
f (D, h, uhub) [kWh]

I: Lifetime emissions [g CO2-eq]
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• Windpower.net: 26,730 wind farms
• Hub height, diameter, location

life-cycle GHG emissions per facility

Solar

• Wiki-Solar.org: 9,992 utility-scale PV farms
• Year, capacity, panel type, location

life-cycle GHG emissions per facility
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ERA5 reanalysis data, hourly, 0.25ᴼx0.25 ᴼ, 1988-2017

Solar: 
• P = !(irr, temp, wind, capacity, panel type)
• Lifetime P (kWh) = ∑#$%%&'#(,* + ,
• Loss due to panel degradation:                                   

!loss�∑#-,* + ,

Wind:
• uhub = ! (u10, u100, .hub, power curve)
• Lifetime P (kWh) = ∑#$%%&'#(,* ∑#/01234567 +(9*:;)
• Wake effect: = >?:@;A/BC � +
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• 56.7 [31.9 – 92.6]1 g CO2-eq /kWh

• 98.5% facilities < 100 g CO2-eq /kWh

Re
su

lt
s 

–
Cu

m
ul

at
iv

e 
po

w
er

PVWind

© Authors. All rights reserved

• 6.4 [0.7 – 66.5]1 g CO2-eq /kWh
• 99.1% facilities < 100 g CO2-eq /kWh

1: 2.5th – 97.5th percentiles



• Linear regression model on PV GHG footprints to find most important predictors
• Best model:

• R2 = 0.9748, AIC = -5766
•Most important predictors1:

- panel type
- irradiation

1Also based on randomizing predictors
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• Utility-scale PV: 56.7 [31.9-92.6]1 g CO2-eq/kWh
• Wind farms:         6.4 [0.7-66.5]1     g CO2-eq/kWh
• Footprints are much lower than for fossils2:

- coal:    ~ 800-900 g CO2-eq/kWh
- gas:  ~ 500 g CO2-eq/kWh
- with CCS:      ~ 200-260 g CO2-eq/kWh

• Panel type and irradiation most important 
predictors of PV GHG footprint

1: 2.5th – 97.5th percentiles
2: Hertwich et al, 2015, PNAS 

Thanks for your interest! I look forward to the
chat session, and feel free to email me at: 
Joyce.Bosmans@ru.nlSu
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• Footprints of future facilities:
- lower lifecycle emissions?
- higher lifetime power output?
- effect of climate change on power output?

• Other impact categories:
- metal depletion / resource scarcity?


