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Why weather 

matters
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Goal: eliminate greenhouse gas
emissions from the energy sector

Cho (2010). Science



 5

Why variability is problematic
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• Demand and generation must match second by second
• Electricity is difficult to store
• Demand is not very controllable
• Power stations are not like light bulbs
• Everything must be carefully coordinated and scheduled

Electricity
Demand

https://www.agora-energiewende.de/en/topics/-agothem-/Produkt/produkt/76/Agorameter/
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Collins et al. (2018). Joule [press embargo until 11:00am EST 26 July 2018]



 7Collins et al. (2018). Joule [press embargo until 11:00am EST 26 July 2018]

Variable weather = variable curtailment
Curtailment in ENTSO-E vision 3
(~35% of EU electricity from
solar and wind)



 8Collins et al. (2018). Joule [press embargo until 11:00am EST 26 July 2018]

Variability of CO2 emissions will rise

0%

15%

Emissions intensity
variability in 2030
under ENTSO-E
vision 3 (30% VRE)
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2.
How we use
reanalysis
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Staffell and Pfenninger (2016)  10



Bias correction: not optional

Bias


correction

Original model 
(uncorrected MERRA-1) Actual data

Average wind capacity factors in Europe

 11Staffell and Pfenninger (2016)



Hourly weather conditions
(wind speeds, sunlight, …)

Solar and wind electricity
simulation models

Hourly estimates of
solar/wind power generation

Measured electricity 
generation data

Validate

Bias-correct

Bias correction using electric generation data

Pfenninger and Staffell (2016), Staffell and Pfenninger (2016)  12



Staffell and Pfenninger (2016); actual data from Elexon & National Grid

Bias-corrected wind simulations
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Simulating the UK wind fleet with the MERRA reanalysis:
R² = 0.95



25 years of daily variability

Simulated UK wind and PV fleets, 1991-2015
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3.
Comparing
reanalyses

Image source: http://xarray.pydata.org/

(solar PV only,
for now)
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Reanalysis and satellite datasets

Urraca et al. (2018). Solar Energy  
Pfenninger and Staffell. Work in progress.

higher resolution

less coverage

lower resolution

more coverage

Urraca et al., 2018: “We conclude that ERA5 and 
COSMO-REA6 have reduced the gap between 
reanalysis and satellite-based data” (for solar 
irradiance data)
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Germany: PV capacity factors (2012)

Pfenninger and Staffell. Work in progress.

7-day mean capacity factor
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Pfenninger and Staffell. Work in progress.

Post-processed COSMO-REA6 data from Frank et al. (2018). Solar Energy

Single PV system:

SARAH best, COSMO-REA6 not bad
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4.
The ninja
project



www.renewables.ninja

Goal: provide easy access to 
validated wind and PV 
simulations worldwide.

Pfenninger and Staffell (2016). Energy; Staffell and Pfenninger (2016). Energy

>1500 users from >250 
institutions in 65 countries.
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renewables.ninja
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renewables.ninja
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 23Moraes et al. (2018). Applied Energy

External validation — National level

PV

Wind



 24Moraes et al. (2018). Applied Energy

External validation — NUTS-2 level



 25Moraes et al. (2018). Applied Energy

External validation

“[…] the chain of methods used to convert wind 
speeds and solar radiation into power outputs 
are decisive in this process, and the use of 
reanalysis data is promising”

“The lack of a trust-worthy source of data for 
comparison makes the evaluation of data quality 
challenging in many countries.”
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Renewables.ninja:

Upcoming improvements

• NUTS-2 level data for Europe should be online 
by end of this week

• Global country and sub-country level data (e.g. 
U.S. states, Chinese provinces) later this year

• New generation of reanalyses and better bias 
correction
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stefan.pfenninger@usys.ethz.ch | www.renewables.ninja | www.callio.pe
Own publications available on www.pfenninger.org/publications

Discussion

• What is ground truth? Reference energy datasets → 
better reanalysis validation and bias correction.

• Which reanalyses have which strengths? Or, how to 
choose the right reanalysis for a particular task?

• What improvements for energy applications are 
easily possible within existing / next-gen reanalyses?

mailto:stefan.pfenninger@usys.ethz.ch
http://www.renewables.ninja
http://www.callio.pe
http://www.pfenninger.org/publications

