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Motivation

« Harvesting electricity from
renewable energy sources is vital
in climate change mitigation.

« However, climate change may
influence the conditions in
which wind turbines and PV
panels operate and the resources
they are designed to harness.

* Does climate research provide
the data so far able to answer
these questions?

24 September 2023 DTU Wind

SIXTH ASSESSMENT REPORT

Working Group Il - Mitigation of Climate Change

INTERGOVERNMENTAL PANEL oN ClimaTe change

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030.
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Mitigation options

[ Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH4 emission from coal mining
Reduce CH, emission from oil and gas

[ Carbon sequestration in agriculture

Reduce CHs and N0 emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

L Shift to balanced, sustainable healthy diets

[ Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

L Enhanced use of wood products

[ Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping — efficiency and optimization
Aviation — energy efficiency

| Biofuels

Potential contribution to net emission reduction (2030) GtCO.-eq yr
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Wind and
solar energy

Net lifetime cost of options:

1 0-20 (USD tCO;-eq™)

I 20-50 (USD tCO-eq”)

I 50-100 (USD tCO,-eq”)
I 100-200 (USD tCO,-eq")
I Cost not allocated due to high
variability or lack of data
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——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty
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DTU auto-correlation function spatial correlation
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DTU Dynamical downscaling
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ERAS, NEWA Validation against 291 tall masts in Europe

ERAS5 too low at complex sites
microscale (WAsP) too high due to linearized model

(a) Low (n=110) (b) Medium (n = 96) (c) High (n=385) |(d) All (n=291)
s — o | s :
. e WRF | : !
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Figure 9. Distributions of wind speed biases (Upode]l — U Obs) for ERAS, WREF, and WASP split by ruggedness index (RIX) category: low
(a), medium (b), high (c¢), and all of the samples combined (d). Fitted normal distributions (lines) are annotated by the mean and standard
deviation of the samples (u £ o). The number of masts (n) in each category is indicated above the subplots.

NEWA, Dorenkamper et al (2020)
https://doi.org/10.5194/gmd-13-5079-2020
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— Energy production for the planned North Sea Energy Island

10 wind farms x 67 turbines x 15 MW reference wind turbine (NREL)
Jensen engineering wake model

Wind speed and direction from 16 CMIP6 models (AEP within 10% of
the value calculated by using ERA5), wind time series at 150 m AMSL

Change in Energy Production for the Energy Island cluster
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Spatial correlations, the effect
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Validation of Euro-CORDEX simulations against
wind power generation

Table 1

Details of the EURO-CORDEX climate simulations. Heights are the number of heights above ground level: a combination of
near-surface (10 m) with either one (100m) or five (50, 100, 150, 200 and 250m) fixed levels of wind speed, according to
the ESGF availability for each model. For models with more than one available scenario, the bold RCP name indicates the
representative model used in the validation.

Forcing GCM/ESM RCM Short name Experiments Heights References
CNRM-CERFACS-CNRM-CM5?2 ALADIN63P CNRM A RCP2.6, RCP8.5 6 levels a[41],b[42],
MOHC-HadGEM2-ES® ALADIN63 MOHC A RCP8.5 6 levels °[43]
NCC-NorESM1-M4 ALADIN63 NCCA RCP8.5 6 levels d[44]
CNRM-CERFACS-CNRM-CM5 RegCM4-6° CNRM_R RCP8.5 2 levels e[45]
ICHEC-EC-EARTH! RegCM4-6 ICHEC R RCP8.5 2 levels fl46]
MPI-M-MPI-ESM-LR$ RegCM4-6 MPI_R RCP2.6, RCP8.5 2 levels 8[47]
NCC-NorESM1-M RegCM4-6 NCC.R RCP2.6, RCP8.5 2 levels

Fig. 2. Location of wind power plants operating in 2018.

wind power
generation
aggregate by
country

database of
wind power
installations

wind speed
(OBS, models)

raw or bias-corrected

at turbine height Luzia et al (2023)
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z Capacity factor error [ ]
gERA5 -0.01 0.02 0.01 0.02 |-0.07 -0.04 0.00 -0.02 -0.02 0.02 0.05 0.04| 000 0.03 0.15
gCNRM_A -0.00 0.02 0.00 0.03 | -0.03 -0.00 -0.01 -0.01 0.02 0.7 0.04 | 0.00 0.04
gMOHC_A -0.00 0.02 0.01 0.03 -0.04 -0.00 -0.01 -0.01 0.02 0.07 0.04 | 0.00 0.04
gNCCA -0.01 0.02 0.01 002 -0.06 -0.04 -0.00 -0.02 -0.00 0.02 0.06 0.5 ]| 0.00 0.03 1
gCNRM_R -0.00 0.02 0.00 0.03 -0.06 -0.03 0.00 -0.01 -0.01 0.02  0.07 0.04 | 0.00 0.03 Bias corrected
gICHECR 0.00 0.02 0.01 0.03 -0.03 0.00 -0.00 -0.02 0.02 0.04 | 0.01 0.04 -0.05
gMPLR 0.00 0.02 0.01 0.03 -0.03 0.00 -0.01 -0.01 0.2  0.07 0.04 | 000 0.03
gNCC R -0.00 0.02 0.00 0.03 -0.04 0.00 -0.01 -0.02 0.01 ' 0.07 0.04 | 0.00 0.04
Capacity factor = ERAS | 0.06  0.06 0.02 0.1 0.02 0.01 0.05 [ 0.05 0.06 o
Energy CNRM A -0.00 0.02 -0.05 0.03 -0.07 -0.03 0.07 0.03 -0.03 0.02  0.06
Produced/Energy MOHC_A 0.00 -0.01 BGEEN 0.05 -0.04 0.04 0.05 002 -0.06 0.02 | -0.00 --0.05
produced at full NCC A 001 -0.01 RGN 0.06 B 005 005 005 -0.05 REM 0.04 | 0.01 uncorrected
operation ‘ = »
CNRM_R 0.01 0.02 |SULER 005 -0.04 -0.04 0.03 ROKEN 0.01  0.03 10:05 -0.02 | 0.05
ICHEC_ R 0.02 0.01 -o.o3 50 -0.04  0.00 -0.05 BGEEE 000 0.05 0.02 |-0.03 0.05 00
MPLR 0.00 0.02 m 0.08 | | o MY -0.0; 0.00 0.01 0.03 |-0.03 0.05
NCCR 0.02 0.00 -0.02  -0.06 -0.05 0.01 -0.05 FSLN -0.01  0.06 0.03 |-0.02 0.05 -0.15

wsﬂ'\a Ge‘ma\'\\}De “ma(K Spa'm ¢ n\and € cance e e\a\'\d waly N orway Po\and 00 \,‘Uga\ o ede  qeal <xd

Capacity factor (CF) error computed by the difference measured minus simulated CF for all 12 European countries and
ERAS5 and EURO-CORDEX models. GWA2 scales the top 7 models (names starting with “g”’).

The last two columns show the mean and the standard deviation for all countries. Luzia et al (2023)
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Spatial correlations in the Euro-CORDEX models
Wind power generation (measurements vs models), 12

wind speed
(OBS, models)

I

database of
wind power
installations

|

wind power
generation
aggregate by
country

Fig. 2. Location of wind power plants operating in 2018.

Table 1

Details of the EURO-CORDEX climate simulations. Heights are the number of heights above ground level: a combination of
near-surface (10 m) with either one (100m) or five (50, 100, 150, 200 and 250 m) fixed levels of wind speed, according to
the ESGF availability for each model. For models with more than one available scenario, the bold RCP name indicates the
representative model used in the validation.

Forcing GCM/ESM RCM Short name Experiments Heights References
CNRM-CERFACS-CNRM-CM5? ALADIN63P CNRM_A RCP2.6, RCP8.5 6 levels a[41],°[42],
MOHC-HadGEM2-ES® ALADIN63 MOHC A RCP8.5 6 levels €[43]
NCC-NorESM1-M¢ ALADING63 NCCA RCP8.5 6 levels 4441
CNRM-CERFACS-CNRM-CM5 RegCM4-6¢ CNRM_R RCP8.5 2 levels €[45]
ICHEC-EC-EARTH! RegCM4-6 ICHEC R RCP8.5 2 levels f[46]
MPI-M-MPI-ESM-LR8 RegCM4-6 MPI R RCP2.6, RCP8.5 2 levels 8[47]
NCC-NorESM1-M RegCM4-6 NCCR RCP2.6, RCP8.5 2 levels
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Final thoughts...

» Extrapolating wind speeds from 10 meters to turbine height using a constant exponent
power law is a poor approximation and will often exaggerate future changes in wind
resources. Please include at least the wind speed and direction at 100 m in the new
CORDEX runs.
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mean wind speed, h=100m
ssp585 - historical; MPI-ESM1-2-HR

Interpolation from
model levels

0.6

0.4

0.3

Wind Extrapolation, future — past wind speed, 100 m

mean wind speed, h=100m (PL)
ssp585 - historical; MPI-ESM1-2-HR
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Vertical extrapolation 100

from wind speed at 10- U0 = Uqo (_>
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Final thoughts...

» Extrapolating wind speeds from 10 meters to turbine height using a constant exponent
power law is a poor approximation and will often exaggerate future changes in wind
resources. Please include at least the wind speed and direction at 100 m in the new
CORDEX runs.

» The full chain of models is necessary to understand the effects of climate change on
future power generation. Simple approximations are often misleading.

» Wind speeds from CORDEX represent the power generation in Europe very well when
biased-corrected using the GWA (other studies also). But more models and scenarios
are needed.

» Other variables are also used in power system models, including solar PV, electric & heat
demand and hydropower simulation.

24 September 2023 CORDEX2023
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