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Offshore Wind Energy

Cost modelling
e ECN’s O&M Tool is the industry standard
- stallati e.on
e Methodology is now used for installation N7
e ECN Install developed in cooperation with "'j:"
major industry players (Van Oord, Royal IHC) ALST@’M Statoil
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ECN Install

The Tool — dissemination of the installation process
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Inputs - Outputs

Framework

e Input
— Wind turbine
— Components
— Operational bases
— Vessels
— Equipment
— Climate data
— Permit restrictions
— Crew working shifts
— Fixed costs

e Planning

— Steps
e (de)Mobilization
* Loading
» Travelling
 Installation

— Select from input

— Planning
* Grouping
* Ordering
 Iterating
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e Pre-processor
— Weather
— Workability

e Qutputs
— Time
— Resources
— Cost



ECN Install

The Tool

e Input

Wind turbine
Components
Operational bases
Vessels

Equipment

Climate data
Permit restrictions
Crew working shifts
Fixed costs
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ECN Install [Gemini]
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New project 4
-
‘ InputData

1:.: Wind Turbines

’\I_/;‘ Clmate Data

M Permit Constraints
i L&Hamng

Planning Steps

i @é} Processng
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] User: ENERGY\.SAVENLE
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Input Data >> Vessels

List of vessels: » Aeolus

&

FEN

Name: e
Max tech. on board:
Fixed costs: Aeolus

aﬁ 1t
Day rate:

p
Dayrate waiting:
i Pacific Osprey

MOB/DEMOB: .
Additional:

R
Travel speed: Wavewaker 1
Transport capadity:
Operation:
Operation duration: m Ml P Scheldeoord
Operation name:
Weather restriction:
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SR TE
Restriction name:




N
o
=

ECN Install

The Tool

e Planning R e
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+ Travel back to wind farm Group

3
° Installa‘tion Load MP Step 1 211
+ Load transition piece Group 3 22
1 f e Load TP Step 1 221
- Se ect rOm lnput + Travel to wind farm Group 1 23
R Travel to wind farm Step 1 231
_ Pl + TInstallation MP Group 3 24
annlng Anchor and position vessel Step 1 2.4.1
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The user of ECN Inst:

accuracy of the results.



Installation modelling

Calculating impact of delays - scenarios

The model calculates project delays caused by:
— Permit or contractual restrictions
— Lack of resources
— Working shifts
— Bad weather
— Harbour locks

e Qutputs
— Planning with delays
— Breakdown of resources and costs

— Export results to Graphs, MS Excel and MS Office
Gantt chart

A\



Possible Outputs

Results — planning with delays (export Gantt chart)
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ID Task Name Duration 2015 2016
Jan ‘ Feb | Mar | Apr ‘ May ‘ Jun [ Jul ‘ Aug ‘ Sep \ Oct ‘ Nov | Dec | Jan Feb | Mar | Apr ‘ May ‘ Jun | Jul |

~ 1 Scour protection 29.38 days _—
2 Foundations - Aeolus 83.75 days
3 Infield cables 105.08 days —
4 Export cables 165.75 days

5 Foundations - P. Osprey  55.83 days I
6 Substations 11 days
777!Turbines - Aeolus 106.4 days A —

8 Turbines - P. Osprey 106.4 days
D Task Name Duration 2015 2016

1 Jan l Feb | Mar | Apr ‘ May! Jun \ Jul ‘ Aug | Sep l Oct Nov} Dec | Jan Feb ‘ Mar \ Apr ‘ Mayl Jun \ Jul ‘

1 'Scour protection 35.03 days —
2 Foundations - Aeolus 106.52 days .
3 |infield cables 140.65 days v

4 |Export cables 193.3 days —
5 [Foundations-P.Osprey  71.36 days - I—
~ 6 Substations 22.5 days -

7 Turbines - Aeolus 131.23 days

8  |Turbines - P. Osprey 127.68 days

Project: Gemini
Date: October 26, 2015 9:49 AM

Weather Delay 7777722727227777772) - Harbour Delay

Shift Delay




Possible Outputs

Results - graphs

Time Graphs:  # Nane

Average Delays Breakdown per Delay Type
Average Delays Breakdown per Step Type

Total Delays per Simulation year

Delays overview - Worst, Average Best scenarios
Average Delays overview per Sequence of steps

Time overview: Step Duration and Average Delays

Select Graphs to produce

Cost Graphs: Nane

Average Cost Breakdown for each Vessel (m)
Average Cost Breakdown per Vessel

Average Cost Breakdown for each Equipment ()
Average Cost Breakdown per Equipment

Cost Breakdown per Component

Average Cost Breakdown per Harbour

Average Cost Breakdown per Resource

Resources Cost per Simulation year

Variable costs overview - Waorst, Average Best scenarios
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Resource Graphs: Nane

Mumber of Trips per Vessel

Mumber of Qutgoing Trips per Harbour
Average Utlization Breakdown per Resource
Vessel Utilization Overview

Eqgipment Utilization Overview

Average Man-hours Overview

Average Total Cost comparison: PreProcessed and Post-Processed

The user can create 22 standard graphs using ECN Install
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Example Outputs
Results - graphs

Z ECN

Install 2.0

ECN

Install 2.0
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Time overview - Step Duration and Average Delays Resources Variable Costs overview
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Example Outputs
Results - graphs

Z ECN

Install 2.0
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Aeolus P. Osprey Wav. 1 MPB Sch. R. 3000 Nordnes Tugl  Tug2 Nessie5 Vetag8 Nexus JanSt. Crew Tr. Support! Support2 Ham 602
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Install 2.0

Average Cost Breakdown per Resource
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nstall 20

Average Cost Breakdown per Harbour

4%

I Vessels
[ Equipment
[ Harbours
[ Labour

I Eemshaven
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Average Cost Breakdown per Vessel

10%  3%A%Yy,
4
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30%

Average Cost Breakdown per Equipment

% 5%

I Acolus

I Pacific Osprey
I Wavewalker 1
I MPB Scheldeoord
[ Rambiz 3000
[ Nordnes
Tug-Jackets
[ Tug-Substations
[ Nessie 5

[ vetag 8

[ Nexus

[ Jan Steen
[ Crew Transfer
[ Support vessel-export
[ Support vessel
[__]Ham 602

I 52000 IHC Hydrogammer 1

[ $2000 IHC Hydrogammer 2
Nessie 2
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Installation modelling
What can it do?

e Design and optimize installation strategy for offshore wind farm

e Determine project planning, delays, costs and risks

e Monitor progress during installation
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Installation modelling
What can it do?

e Commercial proof of new and innovative installation concepts
— Installation methods
— Support structures & wind turbines
— Vessels and equipment

Source: Royal THC Source: Bugsier and Wartsila
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Installation modelling
Where are biggest LCOE gains to be achieved?

Potential user Added value

Developers Procurement strategy, marshalling harbour strategy,
procurement evaluation

Contractors BOP / WTG  Execution strategy, logistical strategy, workability

analysis
Investors Risk scenarios, contingency levels
Vessel & Equipment Added value of a new design at site specific
designers circumstances

Port authorities Added value of the port location for project logistics



Email: warnaar@ecn.nl

. ) ‘ Phone:
Innovative solutions T: +31 88 515 4318

to lower the cost of energy ' M: +31 6 13320852
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