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OTELLO — Problem Statement

“Toxic operating situations”
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B 99 % damage

Avoidance of highly “toxic” operating situations

=» Small reduction in annual yield

=» Disproportionate extension of lifetime

= Measurement campaign on the tower of a Vestas V90 (2MW)
= 50% of the damage occurs during 1.3% of the observation period (7.8 of

604 days)
= A few storm events have the greatest impact

Loraux, C. (2018): Long-term monitoring of existing wind turbine towers and fatigue
performance of UHPFRC under compressive stresses. PhD thesis.

—
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https://infoscience.epfl.ch/record/234540
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https://infoscience.epfl.ch/record/234540
https://infoscience.epfl.ch/record/234540

Optimization potential
What if we could actively influence our Remaining Useful Lifetime (RUL)?

Year 2024; Site: alpha ventus
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— Significant volatility in market revenues over time

— High damages occur regardless of the level of revenue
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OTELLO

Operational Technical Strategies for Economic Load and Lifetime Optimization for Wind Energy Assets
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The OTELLO tool

From forecast inputs to the optimal day-ahead schedule

Wind-forecast Objective function
Internal model chain Optimization framework l \
Power' and\ Economic_

Weather-model load-forecast Optimization
Wind- and Energy State- @
turbulence- matrix

forecast \ /
)/ || L1 |
A
Load damage ‘ /
Input data and v
external models oad- surmgatg Day-Ahead electricity Day-Ahead
model price forecast schedule
l‘
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Scenario Definition
Three baseline strategies and two optimization approaches

Baseline:

Il) Market-oriented maximum yield (Max-Cash): Operation without derating; shutdown when
cashflow is negative

Performance optimization
(Max-Efficiency):

Optimization:
Y.: Cashflow;

ax
Zt'j Damage;

m

/ * No explicit monetization
Il) Performance optimization (Max-Efficiency): Maximize the ratio of cashflow to total damage | « sensitive to component
selection
— Ratio-based logic

= For this presentation, we focus on these two highlighted strategies.

-—
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Performance optimization
Strategies yield similar metrics, but differ in the number of transients

Values for year 2024; site: alpha ventus

Key figure Performance-Opt.

Cashflow [EUR] 977 558 934 151

Max-Cash [%] 100 95,6
Energy generated [kWh] 15 898 128 15 220 084
Max-Cash [%] 100 95,7
Normalised load damage [-] 0,782 0,784
(average across components)
Number of transients 1632 3076
(full shutdown/startup (all derating level
events) changes)

= Damage originating from transient load events (e.g. shutdown/startup, derating level changes) is considered in the optimization and evaluation

—
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Lifetime Comparison
Performance optimization extends the service life of the asset

25

22.6

=

Theoretical lifetime [years]
o

—
=
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B Bottleneck Component
mam Tower
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Considered Components: Tower, blades, main
bearing, pitch system, gearbox.

Extremely frequent switching between full
load and standstill leads to a reduced lifetime
for Max Cash (currently overestimated due to
conservative pitch rate)

Max AEP strategy corresponds to a design
lifetime of 20 years

Performance optimization:
* Extended lifetime: 2.6 years

* Bottleneck component: pitch system
(could likely be replaced)
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The impact of transient load damage
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Significant impact on day-ahead schedule when including transient damages into the day-ahead optimization.

- Smoother schedule when considering damage originating in transient load events

—
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The OTELLO tool

Deep dive into the load surrogate model

|
oad-surrogatg
model
Pl .-‘--‘L.
=
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Load Surrogate Model (LSM)

Concept
Input: \ Load Surrogate Model
10-min (Mean) Values (LSM)

*  Methods:
* Nearest Neighbor
(NN) Interpolation
p (air density) * (Gaussian Process

\ D (derating) / Regression)

~
Original Senvion '"_—_‘—“—-—--\‘\§\\\\\\\$

5M aeroelastic . . : .

model Training with simulation data

(OpenFAST) (approx. 240 000 10-min blocks used)
J or measurement data (not done here)

o, (turbulence)

a (wind shear)
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ﬁutput: \

10-min (Mean) Values

* Energy

* Damage/DEL of
structural components

* Temperature of
electrical components

(via a Machine Learning
\ approach) /

\
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LSM Validation 214
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* Mean loads (left): Good agreement between LSM-NN and OpenFAST reference results (deviations < 5%)
* DEL, Wohler exponent m=10 (right): OpenFAST simulations agree well with measurements.

LSM-NN vs. OpenFAST: Larger deviations observed; a Gaussian Process Regression model is under consideration.

| —
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The value of RAVE data
In the case of the OTELLO project

* RAVE data enables credible, site-specific analysis and
model validation.

* Real data and a real turbine model increase credibility and
trust in results.
* Test whether simplified/non-accurate aeroelastic models

change optimization outcomes.
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Conclusions
Load damages can be successfully integrated into schedule optimization

* Integrating steady-state and transient loads is methodologically consistent

* The results show that a significant share of load damages is economically inefficient and can be avoided
* Transient damages are necessary for operational schedule optimization

* The incentive to reduce load damages depends on the stakeholder

* RAVE data offer the chance to use real data and a real turbine model as a benchmarking reference

* We are currently evaluating the full economic value of the optimization (including discounting, wake effects).
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Thank You!

Dr.-Ing. Matthias Kretschmer
MesH Engineering GmbH
matthias.kretschmer@mesh-engineering.de

Florian Rehwald, M.Sc.
Fraunhofer IEE
florian.rehwald@iee.fraunhofer.de
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