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Renewable Energy in Climate Change
What to expect today

Why do we care about renewable energy?
What do models tell us about the potential for power production?

How does FESSTVal and process studies contribute?
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Benefits of renewable energies

* (Clean energy production implies less fossil-fuel combustion

 Reduction of greenhouse gas emissions
e | ess emissions of aerosols
e Possibility of electrification of remote areas

* Further benefits when paired with e-mobility

e | ess noise In cities
e Reduction of air pollution - health effects



Renewable energy as mitigation of climate change

IPCC (2018)



Why do you care?



2020 contributions from crisis and exceptional weather

Emission reductions compared to baseline

Forster et al. (2020)



2020 contributions from crisis and exceptional weather
Sunshine record in Western Europe during first lockdown

2020 spring anomaly Top 10 years of daily mean irradiance
relative to 1981 —-2010 (ERAS) Veenkampen station

/// Irradiance exceeds 1979—2019 mean by more than 1%

van Heerwaarden et al. (2021)



Natural variability in power production

Need for energy supply that meets the demand

Energy Trading Choice of production sites and infrastructure

Meteorological knowledge

Seasonal Climate from weather to climate
ecadal Projections .
Predictions time scales
| | | | | >
Day Month Year Decade Century

Time-scale
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What do models tell us about the potential for power production?



What does a climate
model look like?

MPI-ESM1.2 has 280
modules in atmosphere
model alone
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Supercomputer at ,,Deutsches Klimarechenzentrum (DKRZ)"

DKRZ (2021)
More than 100.000 compute cores

266 TB memory
54 PB disk storage

1 PB = 1,000 TB = 1,000,000 GB



Potential of energy production at present



North Atlantic Storm Track

Storm track density for December to February

Eddy kinetic energy

— 10 tracks per winter == 20 tracks per winter — tracks of 0.5% most intense storms

Shaw et al. (2016)



Energy Meteorology research in Cologne

Balancing potential of extremes in wind & PV power production
Christopher Frank

5% percentile for capacity factor of PV power Simultaneous occurrence of minima in renewable power production
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Our energy future?



Wind change in +1.5°C virtual worlds

Hosking (2018)



Implication of +1.5°C for wind farms

Wind farms viable today and possibly in +1.5°C world
Wind farms possibly become viable in +1.5°C world

Hosking (2018)



Model uncertainty for storms

Change in 98% percentile of daily wind speed at 10m (2071-2100, A1B scenario)

Horizontal resolution: ~180 km Horizontal resolution: ~25 km

ms-

Donat et al. (2011)

ms-1



Model uncertainty for storms

Change in 98% percentile of daily wind speed at 10m (2071-2100, A1B scenario)

Global climate model ensemble mean Regional climate model ensemble mean

Donat et al. (2011)



Climate model uncertainty for extra-tropical storms

“low confidence in extratropical storm projections”

TS.5.7.4, IPCC (2013)

“low confidence in the magnitude of regional
storm track changes”

“challenge of down-scaling future wind states
from coarse resolution climate models”

14.6.2, IPCC (2013)

Grand challenge of World Climate Research Program on
Clouds, Circulation and Climate Sensitivity



Climate model uncertainty for extra-tropical storms

Storm tracks for December to February

-

# cyclones per month Bias in # cyclones per month > 80% of models agree on sign of bias

Priestley et al. (2020)



Climate model projections for extra-tropical storms

Future change in storm tracks for December to February in SSP2-4.5

CMIP3 CMIPS CMIP6

hPa

----------- Statistical significance at 5% level Present-day climatology

Harvey et al. (2020)



What about irradiance?




CMIPS5 uncertainty in aerosol burden

Evan et al. (2014)



Dust uncertainty associated with near-surface winds

Climatology for December - February (1980 - 2009)

CMIP5 climate model ERA-Interim MERRA

O

Bodelé Depression
Dust-emission amount [gm-2]

[ T T e—
1 10 20 40 60 80 100 200 400 600

Fiedler et al. (2016)
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How does FESSTValL and process studies contribute?



Lindenberg

Desert-dust aerosols



How does FESSTVaL help us?

Local measurement network to cover small-scale variability in irradiance and winds

O
‘\V Hans-Ertel-Zentrum

fur Wetterforschung

http://fesstval.de



Dust emission associated with nocturnal low-level jets
1979-2010 climatology (ERA-Interim)
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Fiedler et al. (2013)



Core speed of nocturnal low-level jets
1979-2010 climatology (ERA-Interim)

— AIINLLJs  ----- Dust-emitting NLLJs

Fiedler et al. (2013)



Frequency of nights with nocturnal low-level jet
1979-2010 climatology (ERA-Interim)

January July

— I L[ T —
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 |[%]

Geopotential height of 975 hPa

Fiedler et al. (2013)



Dust emission associated with nocturnal low-level jets
1979-2010 climatology (ERA-Interim)

Dec - Feb Mar - May

Jun - Aug Sep - Nov

Fiedler et al. (2013)



Model differences Iin nocturnal low-level jets
1979-2010 climatology of ERA-Interim and a CMIP5 model
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Fiedler et al. (2016)




Peak winds associated with convective cold pools



Uncertainty in dust emission from NLLJs and convective storms

CASCADE simulations for summertime West Africa

Heinold et al. (2013)



Meteorological processes for desert-dust emission

CASCADE simulations for summertime West Africa

Heinold et al. (2013)



Forecast uncertainty for dust storm

Forecasts from WMO'’s Sand and Dust Storm Warning Advisory and Assessment System

Dust aerosol optical depth forecasts
12 November 2017, 12 UTC

Fiedler (2018)



Dust storm

Expedition MSM68/2

AOD (500nm)

0.2-0.3

NASA’s Maritime Aerosol Network Fiedler (2018)



Renewable Energy in Climate Change

RERUISE

1 m Renewable energies are important contribution for becoming carbon neutral.

Traditional climate models struggle to represent processes affecting renewable
m energy production in detail.

FESSTVal measurements create new opportunities to advance the
m understanding of meteorological processes for wind and PV power production.

stephanie.fiedler@Quni-koeln.de
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