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WIND INDUSTRY TREND
XXL blades presence in the market

Figure 23. Rotor diameter and hubheight growth, future outlook.
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WIND INDUSTRY TREND
Logistic challenges & solutions

« Standard logistic solutions not viable
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2 LOGISTIC COST MODEL
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LOGISTIC COST MODEL

Model Description

. 1. Optimum
Route analysis | = route definition
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LOGISTIC COST MODEL
Model Description

« Critical point characterization matrix
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Critical point: angle135° - R30m - width 6m
Standard 60m Blade Modular
Blag\e Parameter Standard Modular Blade
N Blade Blade
Outer affection 1216 m2 329 m2
Inner affection 474 m2 79 m2
Affected Type Low density vegetation
area Unitary cost 15 €/m2
Total cost 25350 € 6120 € :
I\ Modular Blade saving 19 230 €
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LOGISTIC COST MODEL
Model Description

BOP savings




LOGISTIC COST MODEL
Model Description

« BOP savings
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LOGISTIC COST MODEL
Model Description

« Data introduction and final recommendation

Windfarm

6
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20
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7
24
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REAL CASES ANALYSIS
Introduction

Windfarm cases analysis

Typology Windfarms input definition Database owner  Year of construction
Scheduled windfarms “Global wind turbine orders” Make Consulting 2018 - 2020
Repowering Built windfarms Tetrace - Segula X - 2000
Potential windfarms Optimum wind conditions analysis Tetrace Energy NA

Bl Others Spain Bl Germany
(GW) B United Kingdom B Netherlands
Denmark Bl France
4 -
Repowering
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REAL CASES ANALYSIS
Introduction

Analysis parameters

- ) |
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Route definition ﬂ ’o—@ 'o‘%
Site
Factory to Port Port to Port Port to Site adaptation
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breakdown
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€ / Blade

REAL CASES ANALYSIS
Scheduled windfarms

« 11 windfarms analysed

200.000€
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25.000€
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Transport

NI

Logistic cost for New Windfarms - 60m blade
® Road adaptation »BOP
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New 9 [New 10

New 2 |New 3 |New 4 |[New 5 |New 6 |New 7 |New 8

Windfarms

Potential
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Windfarms REFIEITSE

Logistic cost for New Windfarms - 75m blade

Transport m Road adaptation = BOP
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Q
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New 1|New 2| New 3|New 4 |[New 5 |New 6 |New 7 |[New 8 | New 9|New 10New 11
Windfarms
Modular blade
.. . 60m 75m
Logistic cost saving / Blade
Minimum 2 000 € 4 000 €
Maximum 23 000 € 31 000€

Main parameters to consider
Simple accesses and low complexity terrains.

Big windfarms, reducing the saving/blade.
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3 REAL CASES ANALYSIS Scheduled Potential

Windfarms FEEIEIG Windfarms

« 10 windfarms analysed

Logistic cost for Repow. Windfarms - 60m blade Logistic cost for Repow. Windfarms - 75m blade
Transport m Road adaptation 1 BOP Transport m Road adaptation = BOP
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] "] NN
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w w = N
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[Repow 1|Repow2|Repow3Repow4Repow5RepowbRepow 7|Repows{RepowSRepow 1( Repow1|Repow2{Repow3Repowd|Repow5RepowsRepow7|Repows|RepowRepow 1(
Windfarms Windfarms
Modular blade
. . 60m 75m
Logistic cost saving / Blade
Minimum 2000 € 14 000 €
Maximum 90 000 € 260 000€

Main parameters to consider

Existing paths mostly compatible with modular blades.

BOP increase for standard blades.
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REAL CASES ANALYSIS Sohoded | [
Potential sites Windfarms epowering

« 12 windfarms analysis

Logistic cost for Potent. Windfarms - 75m blade
m Transport m Road adaptation uBOP

Logistic cost for Potent. Windfarms - 60m blade
u Transport ® Road adaptation = BOP

200.000 € 200.000 €
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Potent1|Potent2|Potent3|Potentd|Potent5|Pctents Potent7| Potent8{Potent8Potent1 Potent1 Potent1Z
Windfarms
Modular blade
. . 60m 75m
Logistic cost saving / Blade
Minimum 25000 € 30000 €
Maximum 50 000 € 115 000€

Main parameters to consider

High complexity accesses.

Feasibility of the standard option.
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T REAL CASES ANALYSIS

Summary
Modular Blade Logistic Cost Saving Summary
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3 REAL CASES ANALYSIS
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Modular Blades Market

Blade length
Market
<60m 60m — 75m

Scheduled windfarms

Repowering

Potential sites

>75m
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3 REAL CASES ANALYSIS
Summary

Route
complex.

Blade length

Scheduled windfarms Repowering / Potential windfarms

Route complex.
Route complex.

Blade length Blade length
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4 MODULAR BLADES SOLUTION
Market Alternatives

Modular Blade Joints Alternatives

Double - S
Bonded T-Bolt Fitting Bath Fitting  nabrajoint

Strength . O @ O 0

Mass & Cost

Assembly on
Site

Maintenance

Source: MAKE
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4 MODULAR BLADES SOLUTION
Nabrajoint® Description

€> Cost-Effective Solution
Single Bolt per Joint Element
Smart Intermediate Spacer

Minimum Weight
Ultra High Load Carrying Capacity

Hybrid Carbon-Glass Fiber Module

Fast Assembly

T Simple Segments Coordination

Automatic Pretension Tooling

Reliable Solution

Robust Assembly Process

Maintenance Free

First Class Technology
A

DNV-GL Certification Process

Long Track Record Team
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. 4 MODULAR BLADES SOLUTION
Nabrajoint® Description

nabrajoint®

modular blade system
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MODULAR BLADES SOLUTION
Nabrajoint® Project Status
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4 MODULAR BLADES SOLUTION
Nabrajoint® Project Status
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Modular Blade Logistic Cost Saving Summary
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