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ReNEW: Overview < BAM E3JBO

Engineering Group

RWE

R&D project ,,Decision Tool for Life-Time-Extension
and Repowering of Wind Turbines” FKZ 03EE30908B

Consortium:

BAM E3JBO

. s G
(KOOI"d|nator) ngineering Group

Associated partners:

Supported by:
‘ P
W6|f9| % FraunhOfer % F:rd Ezzlnwrir?iigt/g‘lfairs = projektrdger
OFFSHORE IWES and Energy pll.l iGlich
WINDENERGIE
Duration: September 2023 till August 2026 on the basis of  ecision
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ReNEW: Main Activities ; BAM E3JBO

Engineering Group

RWE

Technical Measures: Economic Aspects:
> for ULS capacity CAPEX OPEX
; L | : > 2 4 Revenue
Global reinforcement > for FLS capacity 0 \ ( “
[ J DEVEX DECEX
»| for structural dynamics . ) )
\ Y )
> for ULS capacity
C .
I [ Local reinforcement :
48' > for FLS capacity
2 > Loads site — Re N EW
ke, End of Life Decision for
© [ Analysis current state | > Resistance site Offshore Wind Farms
O
5 s »y  Non-conformities
Decision Tool on most
< \ »| Precised verification . . .
Reassessment beneficial EoL option
> New guidelines
Load comparison P Reserves in design
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EolL options and ; BAM B3 JBO

decision making philosophy

RWE

Benefit = Revenue — Cost — Risk

Utility based decision analysis

. Decisi ridi Fut i f rf LItilit
Reve n U e : fro m E n e rgy p rO d u Ct I O n ) oo mnt?rfl.llﬁjeznu's?i:cl:.:ﬁng ’ U{ﬁ;f;ﬂgﬁ;:;i;;:ﬁnm {resulting fmlr: revenue,
repairfreinforcement and costs and risks)

manitaring and inspaction

Cost: CAPEX, OPEX, Decommissioning, ... el et Exenson

Partial Repowering

Uy

Uz

Risk: Extraordinary Effort of Repairs and
Replacement, ...

Full Repowering

Aim: Identification of End of Life (EolL) Decommsionin
Option with highest benefit!

Requwements: ecologically economically technically operationally
sustainable useful feasible safe
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g RR
00 09

=
B




Struc
Reds

for Repowe
NEEIIE

[

~

» A




Process Reassessment for LTE/Repowering ; BAM Ed JBO

155 m Blattspitze

157 m Koiner Dom
126 m ,

~N Durchmesser

\ Rotor

Helikopter-

Plattform

ca.92m S <{ Nabe

84 m \arré

Ceaur g

Turm . ‘
B
§ |

Hochwasser N Anloger

Niedrigwasser ;(

Jacket

WEA REpower SM
28m Stand 04/2009
h [nicht maBstabsgetreu)

Engineering Group

Re-run/Modelling of the Design Situation
Validation of the current models
— Reproduction of the structual verifications

13/ “Ko. D n Rw E

148 m Blattspnze
147 m Cheops
Pyramide

116m
Durchmesser

Rotorblatt

Mobilisation of Reserves
e.g. RAVE/SHM-Data, assessment of the condition,
new model/design approaches - reserves

Helikopte

Abws sn_h

Platform

90 m Nabe .~ LA, Nabe
84 m Sacré

Coaur, Parig

Calculation with larger turbine/extended lifetime
—> ldentification of component utilisations > 1

Hochwasser

LTE/Repowering WIT
Consideration of reinforcement measures
—> Verification of the structure

pod

LTE/Repowering WITHOUT Reinforcement } |

=em n’r ml"il‘m.fv ||
Consideration in decision tool <l—/

Source of pictures: www.alpha-ventus.de DIN EN 180 9001 [ENVET -



Design verification and Reassessment

Reassessment is a continuous process based on the design
considering the current operation state of the structure.

Input from the

< BAM E3JUBO

Engineering Group

RWE

Analysis current state ]

Design ~ Design of
Update & Support

Optimization Structure

structural condition |

(e.g. inspections)
+ reinforcements

New regulations
and tools

4= Original design

mmmm Regssessment

{—— New input

Bildquelle:

> Model/Design
, update

Design
verification

FLS, ULS, SLS, DeSIgn
AS - yerification

Noturo\
Frequency Load update

Check

Integroted
Lood Anolyms
considering
wind & wave
loads

Modelling of

S
2
&;

Reassessment ]

Pile-Soil-
Interaction

Input from

SCADA and Structural
'Health Monitoring

(SHM)

Turbine &
Support
Structure
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Using RAVE data for current state analysis ; BAM E4 JBO

Engineering Group

Example: AV 07 (Tripod) — Rave data:

Underwater area A

RWE

120,00% I m M7_D-Al5ul
100,00% | B M7_D-A15u2
Z 80,004 ® M7_D-A15u3
o) _
& 60004 Data Imputation Using Machine Learning | M7_D-A15u4
S 40,004 m M7_D-Al501
o 20,00% [ B M7_D-A1502
(] 0,00% ] mM7_D-A1503
o D Dec 2010 2011 012 | Dec2013  Dec2014  Dec 2015 d_Dec_2016_ 17 Dec2018  Dec2019  Dec2020  Dec2021 B M7 _D-A1504
© perio
% sample T o splash zone area
£ Data frame o £
—
T 120,00 é b= = M7_D-B56m1
b :; 70,00 M7_D-B56m2
o B }\ ‘ ‘ m M7_D-B56m3
I | | i | T -
g % M\III [] . m mm’"“hll M [] W M7_D-B56m4
)
‘ |.|>j 30009#€ 2009 Dec 2010 2011 Dec2014  Dec2015 ~ Dec2016  Dec2017  Dec2018 Dec 2020  Dec 2021 HM7_D-B5601
period M7_D-B5602
80% 20% . .
Environmental data - wind and wave
e >
(west) 4@ , @ 2 B M7_ADCP signf. Wellenhohe
g = M W M7_ADCP max. Wellenhghe
M7_PB_Windgeschwindigkeit 2
c2009  Dec 2010 2011 Dec2014  Dec2015 = Dec2016  Dec2017  Dec 2018 Dec2020  Dec 2021
period
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Machine Learning for RAVE data ; BAM k2 JBO

Engineering Group

Machine Learning based on RWE

K-Nearest Neighbours (KNN):
e Storm February 4t and 5t 2011: Hotspots D2
- Training with 7000 Samples

e Comparison of: —— Machine Learning ML data
— Control data (test frame)

X (west)
80
v, v2 (up) ?lz (south 70 ‘. "
s o Standard Deviation
O JE@ il
i | : 2 40 T " 0 | I b —— ML-A15ul.Stddev
Atm 1 Al @ ][ = m\ - T g 2 ‘ u kl ‘ u h, fb"" ‘Tq' "l‘ J j*l" v»«-‘ TN I ’;‘1 W\ ‘ —— Control-A15u1.Stddev
! J23m | P 20 - o | Y ‘ﬂ‘"f“ Vi ‘f""l"' f
10 "“H L. “‘ l| " :
3m | . 65m 4.5m
. 1 0° (“up”) = ’ 0 100 2 300 400 500 600 700
Tripod Leg 1 (west) . 5 o Tripod Leg 2 | Samples
e -~ Samples
3 180° 2% + ; 4 .
M e T A - Peaks are representing start and stop events
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Decision Tool — Input

Wind farm specific input
needs to be defined

User is guided through
6 Q&A sections

Default values of high
Importance

Different data sources may
be defined

Uncertainties are captured
by probabilistic models

S BAM E2JUBO

Engineering Group

RW

~;' ReNEW - End of Life Decision for Offshore Wind Farms — O X

ReNEW

End of Life Decision for
Offshore Wind Farms

This tool will help you to make the optimal decision for your offshore wind farm |ExampleWr at its End of Life (EoL).

You will be able to compare up to four different EoL options:
« Lifetime Extension (LTE)

» Partial Repowering

* Full Repowering

» Decommissioning

You will be guided through a series of questions to configure your wind farm and important parameters (e.g., operational expenditures
and costs for repowering measures). The Q&A consists of the following sections:

« Section 1: General information

« Section 2: EoL option independent information

« Section 3: LTE

« Section 4: Partial Repowering

« Section 5: Full Repowering

* Section 6: Decommissioning

DIN EN 150 9001 ENYE... .



Decision Tool — Input

Wind farm specific input
needs to be defined

User is guided through
6 Q&A sections

Default values of high
Importance

Different data sources may
be defined

Uncertainties are captured
by probabilistic models

BAM E3JBO

Engineering Group

Question 5: How high are the decommissioning costs? (1)

Section

B = AEEA

Question

(o] o2 [ ox [ o« [ ov [ o7 [ o ] oo [ar)

Section 2: EoL option independent information

Ty

Number of Sources _=

Weights:  51: |0.5 S2: (0.5 S3: 0.0

RNA: Type: [sigslsElsIiliild = Distribution: = Prob. Preview

Mean Value [£/MW]: 51: |50000 52: 15772 53: |81810

COV [I: 51: |04 52: |05 53: |0.2

Tower: Type: ([sifslsEls]IETs = Distribution: = Prob. Preview
Mean Value [€/MWI; 51: (30000 52: |13772 53: |0

COV [-I: 51: |04 52: |05 53: |0.2
Substructure:  Type: |[slfsleEIo]|[EA]S = Distribution: m = Prob. Preview
Mean Value [€/MW]: S1: (130000 S2: |725330 S3: |0

COV [-]: 51 |04 52: |05 53: |0.2

Foundation: Type: |[slgelsEloflline = Distribution: mﬂ Prob. Preview
Mean Value [€/MW]: 51: 100000 52: 94630 53: |94581

COoV []: 51: |04 52: |0.15 53: |0.2

Ll Decommissioning costs — RNA >

RWE

Decommissioning costs
RMA
normal: p=3.28%e+04, 0=1.736e+04

(from mean = 32886.0, COV = 0.5338219876973658)
PDF
-2.14e-04 34e-02 2.20e+04 4.37e+04 6.542-04
DECEX_RNA [£/MW]

]
Skip Rest of Section -
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Decision Tool — Reassessment and Measures ; BAM JBO

Engineering Group

RWE

Reassessing the design

enables lifetime extension [« eree e .
up to a certain amount of _

20 4
Ye€ars Ny EOLLTE+Measures;

o
Ao.ldltlonal measures (e.g. : . Fol,
reinforcements) are
required to further extent m . today << :_-l v
lifetime ® 100 —_—

. 120 - — bl T
Measures are considered — reassessment
it early measures

as cost in the decision tool | ] Z eyt nesv=EOL pesign

2015 2':]I24 .'-.’DI-#I} 2050
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Decision Tool — Results on exemplary basis (1) ; BAM JBO

Engineering Group

Probabilistic Utility Destribution Across EolL option based on general input values RWE

4.0

3.5
__ 30
= : - "
= 25 i ot
s - =1 =
D Ee @ c
!’;f: j'}'\‘. O
2.0 e ]
:’Su 10% & uo la
" < | = R%)
S S
1.5 Q ) S
- 2 0 o) o
1.0 — T Q = Q O
c > QO )
a o L o O
0.5

EoL option

o Fractle 3 Min I Mean I Max

The output probability distribution results from the propagation of uncertain input parameters.
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Decision Tool — Results on exemplary basis (2) ; BAM JBO

Engineering Group

Probabilistic Utility Destribution Across EolL option based on individual input values RWE

4.0

3.5
__ 30 = o)
> ” ] %o
= 25 =1
= % C
o =1 E
] @)
2.0
oo ] ‘n
IS < 3%
1.5 qL) CIL) E
L 2 0 o o
1.0 | — O = O . O
o 5 QO Q
a o w o (M)
0.5

EoL option

o Fractle $§ Min @ Mean I Max

The output probability distribution results from the propagation of uncertain input parameters.
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Summary of decision making ; BAM JBO

Engineering Group

RWE

1. Structural assessment 2. Economic assessment 3. Other aspects:

* Verification of LTEor ¢ Uncertainties are Legal regulations
repowering solution considered
W|” rESUIt in d Certain ° A|m H|gh Revenue VS. Environmental

conditions
amount of measures Low/Balanced Costs and
to be quantified Risks Approval issues e.g.
“Flachennutzungsplan”

- Technical feasibility > most beneficial
solution, based on the

detail level of input data Other re-use options
e.g. Green hydrogen

OWEC spacing
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Discussion ; BAM E3JBO

Engineering Group

. RWE

Gerrit Haake
haake@j-b-o.de

Lukas Eichner
lukas.eichner@bam.de

Supported by:

% Federal Ministry
for Economic Affairs
and Energy

on the basis of a decision
by the German Bundestag

®
projektrdger
p julich

Sor: Stiftug Offshore-Windenergie DIN EN 15O 9001 [ENGE.. ..
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