O

[

INNogy

Life time extension
Project:
LTE P.E MUEL

o




BACKGROUND

OBIJECTIVES

TIMELINE

| SCOPE

Angel Galisteo - innogy SPAIN S.A.U - 2018

O

|

iNnNnogy



@)
BACKGROUND []

iNnNnogy

Muel Windfarm

16.2 MW
PYAVAICH
NTK43/600kW

s In house Lifetime TR,
Commisioning Maintenance End F%TLT:?‘%E"S:'T

4

1998 2010 2018

Angel Galisteo - innogy SPAIN S.A.U - 2018



OBIJECTIVES

Alignament with Innogy
lessons learned in Europe:

WF Carno & WEF Lichtenau

Collaboration with independent
entities:

SGS & NABLA

TE certificate extended based on
O&M strategy.
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In House Maintenance LTE Certificate
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Engeneering -Nabla Certification Body-SGS

DOCUMENTATION TURBINE AEROELASTIC MODELING

) ANALYTICAL PHASE O&M Data - Wind site conditions Modeling
I % ' CER WTG information el oy s e DOCUMENTARY ANALYLIS

Maintenance data
Components Replaced

LIFE DETECTION ANALYSIS

LYot [/ YWV XS 2 REPRESETATIVE WTG INSPECTION ACTION PLAN SUPERVISION

LIFE DETECTION ANALYLIS

R AR O O LIFE EXTENSION CERTIFICATE

8@ N AN NIl ACTION PLAN IMPLEMANETATION MAINTENANCE CERTIFICATION
MAINTENANCE PLAN ADJUSTMENT INFORMATIVE FOLLOWUP

&
FOLLOWUP PERIODIC SUPERVISION
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V} ﬁ INNOGY
NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

LIFE ANALYSIS PROCESS

WIND CONDITIONS MODELING OPERATION CONDITIONS MODELING TURBINE MODELING

- Normative vs Site-Specific - Number of Transients - Geometries

- Air Density / Seasonal Variations - Yaw Misalignments - Aerodynamics and Performances

- Annual Wind Distributions - Long Term Parking - Structures Elastics

- Wind Directions and Frequency - lce Accretion - Structures Mass Models

- Inflow Angles - Surface Degraded Conditions - Mechanical basic modelization

- Wind Shear Profiles - Components Overweight vs Design
- Turbulence - Real Controller Settings vs Design

T — ——— —————

AEROELASTIC LOADS ANALYSIS
- DESIGN CONDITIONS -

7—

AEROELASTIC LOADS ANALYSIS
- SITE SPECIFIC CONDITIONS -

e

LIFE DETECTION ANALYSIS

- Per Component

- Design Life Redefinition based on Causes
- Hierarchy of main Components

T—

LIFE EXTENSION AND LIFE MANAGEMENT ANALYSIS

- Based on Life-Consuming Site Specific Causes

- Evaluating most sensible Asset Operation Strategies

- Life Extension Strategies: Maximizing Produced Energy vs Life Consumption
- Life Management Strategies: Maximizing Produced Energy vs Market

- Optimizing Long Term Return of Investment

NABLA WIND POWER ©: The information contained herein is the property of NABLA WIND POWER and must not be copied or reproduced, totally or partially without the company written ization. All data ined in this ion are shown as only and :mze changed, revised or modified without prior notice
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NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

SUBSITING
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NABLA WIND POWER ©: The information contained herein is the property of NABLA WIND POWER and must not be copied or reproduced, totally or partially without the company written ization. All data ined in this ion are shown as only and tnrae changed, revised or modified without prior notice




INNOGY
NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

I
Rose of Wind Parameters WI N D CON DITIONS (e.g. Ce|| A)
—Freg (%]
N
NW Sector Mmoo e Alpha [ -]
NE Sector
WNW
WIND CONDITIONS SUMMARY
w Wind L
\ . . DESIGN Muel Cell A Effectin Life | Nature of Source
Directions
\ Air Density | [ka/m3] N/A 1.225 1.152 * Dominant
NW: 64.59% 11.28 10.36 dh Dominant
WswW i N A
Weibull a [mis] SE:23.28% 11.28 5.56 * Dom!nant
NE: 4.04% 11.28 3.87 * Dominant
SW Sector B 3 SW: 8.00% 11.28 585 i Dominant
— NW: 64.59% 8.0 50 [ Important
SE Sector
S - o
Inflow Angle | [deq] SE:23.28% 8.0 5.0 = Important
NE: 4.04% 8.0 34 = Important
Turbulence Intensities SW: 8.00% 8.0 3.1 fh Important
I NW: 64.59% 0.20 014 * Dominant
0500 §yy 1 {[===Iu[15m/s)=0.06
\ : |77 lulasm/s)=0 SE:23.28% 0.20 0.15 o Dominant
1 - Iu(15m/s)=0.08 Wind Shear | [-]
NE: 4.04% 0.20 0.20 > Dominant
0450 - lu[15m/s)=0.10 . .
- lu(15m/s)=0.12 SW: 8.00% 0.20 0.22 * Dominant
0.400 -lu(15m/s)=0.14 NW: 64.59% 0.18 0.16 LI} Dominant
—-IEC Class B lu(15m/5)=0.16 Turbulence -] SE:23.28% 018 0.16 * Dominant
0350 =+IEC Class A lu{15m/s)=0.18 lu(15mis) NE: 4.04% 0.18 0.22 il Dominant
SHiESme.20 SW: 8.00% 0.18 0.2 ¥ Domninant
- lu(15m/s)=0.22
0.300 m NE Sector
— SW Sector
:0.250 B SE Sector
- W NW Sector
0.200
0.150
0.100
0.050
0.000 i i i . : i . i . . ; i ;
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Wind Speed [m/s]
I B

NABLA WIND POWER ©: The information contained herein is the property of NABLA WIND POWER and must not be copied or reproduced, totally or partially without the company written ization. All data ined in this ion are shown as only and mlge changed, revised or modified without prior notice
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NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

OPERATION CONDITIONS (e.g. Cell A)

NUMEBER OF TRANSIENTS LOAD CASES

MWILUEL CELL &
MWW SE MNE 5w
Owverall
TOTAL B1.59 231.2E 4.0 EDD

Vin |vrated|vout| vin |vrated| vout] vin |vrated|vout

Vin |vrated|vout| vin |vrated] vou
20 |1134 178 4.0

U ([-7(1T44)1842) 2225 498 9915 1437 322|357 ME 116|383 40
ES ([-]| 20| 490 20 io(¥ME 13 06|14 05 02|20 01 00|35 03 01
NS [[-]|16624)|13931 2205 488|898 1424 HN5|3243 M3 14| %3 83 201114 176 39

Tabls 7.3-&° Type and member of franalent load cases untll Fabruary 2013
From February 2013 onwards the following conditions have been considered.

NUMEBER OF TRANSIENTS LOAD CASES

MIUEL CELL A
NW 5E NE 5W
Owerall
TOTAL B4.59 23.28 4.0 B
Win |1.frited|1.f1:-m Win |1.frated|1.f1:um ¥in |1.fraed|1.f1:uut ¥in |1.frated|1.f1:uut Win |1.frited|1.f1:uut
SU |[-]|15603 (13401 19L& 286 |BESE 1238 5|20 4485 67 (541 TY O 12 1248 WT2E 153
ES |[-]| 7.0 | 13.2 25 14| 83 16 0% 34 06 03 (03 04 O] 14 14 02

B 1223 TWEe|I085 440 63 (336 T6 11 1335 W62 134

1243313270 1891 272
Tabda 7.3-B: Type and numibar of tranelant load casss since February 2013

M5

only and cmleQanged, revised or modified without prior notice
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NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

TURBINE REVERSEENGINEERING AND VALIDATION

00.0 w==Nordtank NTK43 Muel

Nordtank NTK43 Nabla

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 n 12 1B M

Wind Speed [m/s]

NABLA WIND POWER ©: The information contained herein is the property of NABLA WIND POWER and must not be copied or reproduced, totally or partially without the company written ization. All data ined in this p ion are shown as reference only and caJhJ»anged, revised or modified without prior notice




INNOGY
NABLA WIND POWER SUMMARY OF MUEL LIFE EXTENSION PROJECT

LIFE EXTENSION RESULTS

DESING LIFE REDEFINITION PER COMPONENT

T ‘ COMPONENT Site-Specific Design Life

[-] [years] [%]

EXTENDER
Several Sections Extender-Hub Bolts 24 120
he blade Section 0.9m 30 150
across the Mainframe, Main Bearing and Main Bearing Supports Section 2.4m 2 160

Main Shaft COMPOSITE BLADES
B!ade-Bearmg-Hub Connection J Loads on Gearbox COMPOSITE ROOT 32 160
Pitch Bearing Section R3.9 g? igg
. H i 1 Section R6.9
Pitch System Supports Drive Train Mounting s 0 200
Section R12.9 >40 200
Rotatory Hub Yaw Bearing and Yaw Bearing Supports Section RIS.9 >40 200
Rotaionay Hul b Loads Section R18.9 >40 200
000 Aerodynamic Brake 29 145
Section R20.4 37 185
10,00 Section R21.4 37 185
. EXTENDER-BLADE BOLTS 24 120
. B 78 810111213141 21222324 252627 28293031 a5 HUB >40 200
. . Several Sections g 0w /Wﬁ’ - - MAIN BEARING >40 200
Red . Secu rlty Sscs across the Tower %E . MAIN BEARING SUPPORTS >40 200
g MAIN FRAME >40 200
o MAIN SHAFT 23 115
00 GEARBOX 17 85
DRIVE TRAIN MOUNTING 23 115
5000 YAW BEARING >40 200
Yol YAW BEARING SUPPORTS >40 200
LD Listribution on Gearpox: TOWER
o Section H4 >40 200
Section H8 >40 200
. o T Section H12 >40 200
Foundation Section H16 >40 200
g A Section H20 >40 200
1 e L S S— Section H26 >40 200
E : Section H32 >40 200
- Section H38 >40 200
.| Section TOP >40 200
FOUNDATION >40 200
! " Load Level [khim] “ -
S B

NABLA WIND POWER ©: The information contained herein is the property of NABLA WIND POWER and must not be copied or reproduced, totally or partially without the company written ization. All data ined in this ion are shown as only and zmléZlanged, revised or modified without prior notice



O

[

iNNnogy

innogy SPAIN S.A.U - 2018



