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Motivation SR

Motivation — Methods — Data — Results — Final remarks

= Power system modeling and scenario generation needs accurate models dealing with realistic
wind speeds

= Generation of wind power supply timeseries is strongly affected by data availability
— Wind speed measurements on hub height barely/not publicly accessible
— Weather station measurement data are not representative for different landscapes

= Create long-term weather data using numerical weather

- (imperfect) Reanalysis weather models prediction models and assimilating historical data
are often used = Consistent dataset of atmospheric parameters in spatial
»  and temporal resolution

= Limited representation of local topography

= Reduction of erroneous wind speed simulation with local bias correction
— So far only based on spatially aggregated information
— now on turbine level
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Bottom-up simulation on wind power using reanalysis data | "''s

Motivation — Methods (I/111) — Data — Results — Final remarks
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E Houseof — Curtailment in case the electrical grid cannot
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Motivation — Methods (1I/11l) — Data — Results — Final remarks

= |dentification of relevant local aspects that
cause a deviation between measured wind
infeed and simulated data. Factors indicate
spatial characteristics to some degree.

— Height above sea level

— Hilliness of the surroundings (a)
— Distance to sea
— Amount of turbines nearby (b)

— Turbine specifications (hub height, rotor
diameter, net power rating) (c)
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Motivation — Methods (I11/11l) — Data — Results — Final remarks

Calculate (yearly) Multiple linear Estimate offset in full Local bias-corrected
deviation in full load regression load hours between simulated production:
hours for every turbine simulated and sum of simulated time

measured data in target series corrected by full load

* », year using B of the base »' hour offset
year
prOdbase,target
8760
simulated _ TSO \FT T _ = psimulated
AFLH: = prod; prod; - estimates B, and B AFLHpase target = Po -l;BX zt=1 ) ®
) P]_netPower X = [Xl X9 X3 ---Xn] _ mbase,target' pnetPower

= Verification of the results by comparing
— AFLHsimulated . deviations in FLH in the simulated (uncorrected) model

— AFLHpase target : deviations in the bias-corrected model.
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Motivation — Methods — Data — Results — Final remarks

Wind speed on 10 and 100m in ERA 5 Reanalysis R .
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Wind Energy Market Intelligence
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* Bundesamt fiir
7% 1 Kartographie und Geodisie

WMS Digitales Gelandemodell Gitterweite 200 m

Energy production NETZTRANSPARENZ.DE

Informationsplattform der deutschen Ubertragungsnetzbetreiber

Curtailment avacon e.dis agﬂlieswig—Hmlmeim

> Extensive dataset of
— 22,969 turbines in 2016 (BNetzA: 26,057)
— 25,430 turbines in 2020 (BNetzA: 28,579)

EEG-Jahresabrechnungen

E Houseof — 26,018 turbines in 2021 (BNetzA: 28,818)
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Motivation — Methods — Data — Results (I/111) — Final remarks

Regression estimates for 2016, 2020 and 2021

= R?, RMSE and parameter

2016 ERA5 2020 ERA5 2021 ERA5 , -

Estimate tStat Estimate tStat Estimate tStat estimates of all models lie in
Intercept (8,) 789.977 12.726 *** 886.817 14.265 ***  786.948  14.689 *** the same order of magnitude
Height above sea 0.792  7.009 ***  0.446  4.503 *** 0.565  6.890 ***
Hilliness of the -75.938  -5.115 *** 37051 -2.866 **  -44.673  -3.953 *** = All parameters are significant,
surroundings except the rotor diameter of
Distance to sea 1,692 -14.339 ***  _1.536 -14.355 ***  _1.414 -15.891 *** 2016
Amount of turbines  0.691  2.173 ** 1.010  3.673 *** 1137 4.586 ***
around
Hub height 1.347  -3.048 **  -1.714 -4.328 ** 2007  -5.750 ***
Rotor diameter 1.674  -1.699 2907 -3.790 *** 2212 -3.419 *** e..: the further we move away from
Net power rating 0.104  4.727 ** 0.102  5.359 *** 0.094 5.538 *** the sea, the less is corrected
R? 0.271 0.251 0.271
RMSE 348 372 321

* p<0.05, ** p<0.01, *** p<0.001
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Motivation — Methods — Data — Results (1I/11l) — Final remarks

= With base year regression estimates, the
deviation in the target year can be estimated
for each turbine. The simulated infeed is

Bias-correction from base to simulation year . . .
Y corrected by this estimated deviation.

Base year 2016 2016 2020

Target year 2020 2021 2021

Measured production prod™° [TWh] 82.670 75.480 75.480 = |n a” cases, an application Of bias—correction
Simulated production prodsi™mulated [T\\/h| 98.460 87.880 87.880 based on IOca| Indlcators l‘edUCeS the error Of
Corrected production prody,se target [TWhI 87.200 76.330 71.750 . . .

Full load hour deviation AFLHpage target (D] 101.010 18.178 -79.771 the reanalySIS-based OUtPUt SlmUIatlon

ST Z (prod e — prodT®) / prod™ RET 0Ted oiea — Regression estimates from 2016 lead to an error
Epasetarget = (PTOpase arget — Prod™°) / prod™s° 0.055 0.011 -0.049 reduction of 71.3 % (2020) and 93.1 % (2021)
Simpr = ([£™120] — [ €00 targer]) / [£5 120 0.713 0931 0.699 — Regression estimates from 2020 lead to an error

reduction of 69.9 % (2021)
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Site-specific and regional results 5N

Motivation — Methods — Data — Results (I1I/11l) — Final remarks

= Compare deviation of full load hours between simulated (left side) and bias-corrected (right side) model with TSO
information. Here: 2020 with estimates of 2016

= Red color indicates an overestimation, blue color an underestimation of the model
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= Site-specific = Regional (NUTS 3)

— Number of large overestimations reduced — Great improvements in northern regions with many

— Unsystematic pattern after local bias correction = no structural bias installed turbines

after applying the model — Good improvements in most regions of central Germany
E EHnOeLll'Sg(;?\f‘larkets — Some southern regions: model increases deviation (but
9

& Finance 05 May 2023 regions have low output)
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Motivation — Methods — Data — Results — Final remarks

Our model improves bottom-up simulated data for energy system modelling and depicts infra-
national differences and local distortions better than previous bias-correction methods

We obtain promising results for different combinations of base and target years: factors can be
applied for other target years given that geographical and technical circumstances remain
sufficiently the same.

The multilinear regression is a suitable abstraction from complex physical flows and can be applied
as good bias-correction without extensive modelling of the aerodynamics in the boundary layer of
the atmosphere.

Limitations:

— Simulated timeseries are based on reference turbine properties.

— Several shut-off events of turbines are not modelled (regulatory, network-based, market-based, animal
protection,...).

— Study focuses on Germany. Transferability to other climate regions requires further research.
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Thank you for your attention!
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