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Uncertainty Is inherent to the management of

power systems

Planning the operation

Schematic of mismatch between hypothetical day-ahead schedule and actual

generation
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Operating the system
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(1) IEA (2020), Electricity security matters more than ever, in Power Systems in Transition, Paris: IEA. https://www.iea.org/reports/power-systems-in-transition
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(2) ENTSO-E (2023), European Resource Adequacy Assessment, Brussels: ENTSO-E. https://www.entsoe.eu/outlooks/eraa/2023/eraa-downloads/



Management of the power system A#y
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Modelling the management

Simulations in ProPower
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Simple example: 2-bus network with single wind farm

DLR
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WindRamp-Network

= Grid topology used in WindRamp
project

» 8.4 GWbase load, 21.4 GW peak load

" 6.6 GW flexible and 15.4 GW inflexible
conventional generators

» Flexible generators (i.e. gas turbines) with
limited ramping (+ 20% of installed
capacity) in balancing

= 25 GW on- and offshore wind farms

» Analysis of 2022
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Using Lidar forecasts instead of NWP! products

= Employing Lidar forecast (from
ForWind) at largest offshore cluster
(7.1 GW) in 15 min intraday clearing

» System performance is greatly
enhanced
= System costs -15%
= Activation of upward balancing -20%
» Load shedding -40%

* Analyzing 18292 15-minute intervals

from 2022 provided System

Indicators

Hauke Bents, DLR-VE, Wind Physics Symposium, 14.06.2024

i DLR

ECMWEF?2 forecast Lidar

Edelivered (Twh) 18.7 18.7
E*  (TWh) 1.4 1.1
E- (TWh) 0.3 0.4

Eshed  (TWwh) 0.5 0.3
ctotal  (M€) 660 560

(RMSE), + (GW) 1.9 1.4
Edelivered E+E Eshed Cloa (RMSE) 4
Delivered | Balancing | Shedded s;l/-g';[:rln hilll
energy | energy | energy | operating | T 7

INWP: Numerical weather prediction

2ECMWEF: European Centre for Medium Range Weather Forecasts




How do Lidar forecasts and persistence compete?
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Lidar forecasts

I

* The annually, averaged — -
performance of Lidar Ca”';f;te 4 Calibrated Persistence
forecast and persistence Is py—
very similar pdelivered  (T\yh) 10.70 10.70 10.70

E* (TWh) 0.64 0.64 0.64

= Analyzing of ramp events E-  (TWh) 0.21 0.19 0.19
not conducted in the system gshed  (Twh) 017 016 017
;?/Qitlea)gilli? imited by data ctotal  (M€) 305.1 303.6 304.5

y- | (RMSE),; (GW) 1.85 1.75 1.80

= 7192 15-minute intervals | s

. [Edelivered E*E Eshed Ctotal gt

from 2022 available for —
analySiS Delivered | Balancing | Shedded system Rsl\fétg?n
energy energy energy operating intraday

costs
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Recent: Integrating uncertainty into planning
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The use of forecast uncertainty in planning A#y
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= Utilizing forecast uncertainty has E———
eterministic OoCcnasltiC
several advantages

. Egelivered  (T\wh 18.7 19.1
= Increased use of wind energy (+2%) WEf ETWh; T o
= Decreased system operating costs (-42%) : :
L e E- (TWh) 0.3 1.2
» Decreased activation of flexibilities
_ _ _ Esbed  (Twh) 0.5 0.0
= Analysis of 18292 15-minute intervals cotal (ME) 660 380
from 2022
. Edelivered E+, E- Eshed Ctotal
» |idar forecasts employed at largest —
. Delivered Balancing Shedded ota sy§tem
W|nd fal’m C|US'[eI‘ energy energy energy op;:g:;ng
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Conclusion #
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* The use of Lidar forecasts is advantageous from a system perspective
» Reduced activation of flexibility (i.e. gas turbines or load shedding)
» Increased delivery of wind energy
= Use at large wind farms increases system impact

= Employing probabilistic power forecasts in power systems management
reduces system operating costs

= OQutlook

» Analyzing impact of ramps on activation of short-term flexibilities
» Integrating further clearings
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Backup: Ramps ECMWF vs Lidar forecast
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Backup: Ramps ECMWEF vs Lidar forecast
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Forecast data at Cluster 2
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Backup: Ramps ECMWEF vs Lidar forecast
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Dispatch corrections in Ruhrgebiet
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