Using reanalysis and satellite data to model solar and wind
power: challenges, applications, and lessons learnt
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Outline

1. Using reanalysis to simulate PV and wind,
(and making the results available online)

2. Applications

3. Challenges and lessons learnt



PART 1

Using reanalysis to
simulate PV and wind



How to simulate PV and wind output

Measured meteo station data
* Very limited geographical coverage, varying quality

Satellite images
 Limited geographical coverage
 Directly applicable to photovoltaics (PV) only, not wind

Industry and project developers have other requirements
* Investment-grade results = investment-grade costs

Reanalysis data is an alternative — but can it be trusted?
- Data is already cleaned and organised

+ Global coverage for the last 30 years

- But... ‘measurements’ come from a coarse numerical model




Data sources used

PV Wind

- MERRA MERRA
- MERRA-2 MERRA-2

Satellite SARAH
(CM-SAF)

Reanalysis




PV simulation model

Irradiance Ground temperature
on grid on grid

Spatial interpolation

Irradiance at Ground temperature at plant
plant location location

Diffuse fraction model

Direct/diffuse inclined plane
irradiance

PV panel efficiency curve

Panel power output

Pfenninger and Staffell (2016)



Main challenge & key innovation: bias correction

Weather conditions

(wind speeds, sunlight, ...)

v

PV and wind simulation models

Hourly estimates of
PV and wind power generation

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



Main challenge & key innovation: bias correction

Weather conditions Bias-correct
(wind speeds, sunlight, ...)

Measured power generation data

' I
PV and wind simulation models
Validate

hourly estimates of
PV and wind power generation

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



Bias correction Is not optional

Reanalysis without calibration will get it wrong!

Adjust wind speed / irradiance resource data up or down

Q: But... with +40% adjustment, what’s the point?

A: Bias-corrected simulations are surprisingly accurate

Actual / simulated capacity factor

Staffell and Pfenninger (2016)



Bias-corrected simulations
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Bias-corrected simulations

Simulating the UK wind fleet: R2 = 0.95
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Staffell and Pfenninger (2016); actual data from Elexon & National Grid
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)\ www.renewables.ninja

Goal: provide easy access to
our bilas-corrected wind and
PV simulations.

>650 users from >210
institutions In 60 countries.

Pfenninger and Staffell (2016). Energy; Staffell and Pfenninger (2016). Energy
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www.renewables.ninja
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PART 2

Applications



Application 1:

Net demand impact by
Increasing PV penetration



Demand net of PV in Germany
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Demand net of PV in Germany
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Demand net of PV in Germany
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Application 2:

Understanding weather regimes:
more stable European wind power
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Weather regimes
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Grams, Beerli, Pfenninger, Staffell and Wernli. Nature Climate Change (accepted - under press embargo) 20



Mean EU-wide wind output

+20%

0%

-20%

Grams, Beerli, Pfenninger, Staffell and Wernli. Nature Climate Change (accepted - under press embargo)
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Existing: —

+ 135 GW

Under construction:
+ 44 GW

30 MW
+ 100 MW

< 300 MW

+++ 1000 MW

Planned:
+ 93 GW

Staffell and Pfenninger (2016). Energy



Balanced deployment of wind
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PART 3

Challenges and lessons learnt



Renewables.ninja provides open data

» Leads to collaboration, and allows unexpected innovation

- Permits more transparent research on the energy transition
W 0 R L D V I EW A personal take on events

Energy scientists must
show their workings

Public trust demands greater openness from those whose research is used to
set policy, argues Stefan Pfenninger.

Pfenninger (2017). Nature 25



Extending our initial approach globally is challenging

Site-specific PV generation data gathered so far; work in preparation 26



But demand for data globally
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We are working on globally validated/corrected simulations.
Sign up on www.renewables.ninja to be notified when ready.
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http://www.renewables.ninja

Thanks for your attention

Reanalysis works to simulate wind and PV globally, but
only if you correct for bias in the weather data.

Renewables.ninja is a free platform that lets you model
wind and solar easily, and get on with your research.
Global validation in progress and coming soon.

Making data available allows innovation to happen

stefan.pfenninger@Qusys.ethz.ch
www.renewables.ninja www.callio.pe www.pfenninger.org
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