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AOffshore wind farm installation
ASimulation tool

AOptimisation tool

AGoing forward
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Background -

Strathclyde

Glasgow

AEnd of 2015: The total wind power
installed in Europe reached 142
GW

AEnd of June 2016: 11.5 GW total
installed offshore wind capacity

was grid connected in the EU
AThe aim of the industry is to bring I I I I I .

the cost of offshore wind energy | BHEBUUNNNUNHENIN

down to €80/MWh by 2025 S e Gy el

. . . ) Based onWindEuropeStatistics 2016
AOffshore wind is more expensive

than onshore, mainly due higher
installation and O&M costs.
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Project partners
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take it further.
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Offshore wind farm A
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Installation challenges Siratctyde

Glasgow

ADevelopments are moving further offshore into
deeper water

ALarger sites and larger turbines

ALimited industry experience on this scale and
complexity

NNNNNNNNNNNNNN



University of

Installation challenges Siratctyde
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ALondon Array (2011/12)
A630 MW capacity
A20 km to shore
AUp to 20 m deep
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Installation challenges Siratctyde

Glasgow

ALondon Array (2011/12)
A630 MW capacity
A20 km to shore
AUp to 20 m deep

ARound 3 sites:

Aover 1 GW capacity
A100s km from shore
AOver 60 m deep
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Our aim T decision support |

Glasgow

APlanning stage: to enable realistic comparisons between
logistical installation decisions

Almplementation stage: to identify appropriate reactions to
disrupted installation schedules
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Our aim T decision support |

Glasgow

APlanning stage: to enable realistic comparisons between
logistical installation decisions

AUsing a discrete-event simulation tool

Almplementation stage: to identify appropriate reactions to
disrupted installation schedules

AUsing a rolling-horizon robust optimisation tool
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Installation logistics Siathyde

Glasgow

ACan be split into three main decision areas
APort selection for each asset
Alnstallation fleet composition
Alnstallation vessel scheduling
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Simulation tool Sirathelyde

Glasgow

ACombines a logical installation model with a weather
model

AThe weather model generates potential weather series based
on historical data

AMany potential weather series are generated

AThe installation model is used to measure how the installation
would progress under each set of potential weather conditions

AThis is repeated many times to gain an understanding of the
uncertainty of the installation progress
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Simulation tool Sirathelyde

Glasgow

Alnputs:
Adefinitions of vessel and port use

Adurations, weather and daylight restrictions for every
Installation operation

AOutputs:

ACosts, durations, progress and delays of an installation
scenario

ACan identify the expected impact of logistical decisions on
the installation process
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Applications
ADistribution of jacket installation |

process for one installation vessel ;‘;;é

supported by between 1-8 supply il ,

barges: 3 |

Acosts, of ]

Adurations §

e T
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Applications S
ACase study

A1000 simulations
A3.5h @ 3.4 GHz dual-core; 8 GB

RAM; 64-bit Windows |

) _ £ =)

ABox plots of the duration of each = é L ]
Installation vessel, for the selected = - -
scenario T oo -
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Applications

Alnvestigate impact of weather delays

Ve

17

NORCOWE Nov 2016

T
l
C



7

Universityof N&

Strathclyde

Glasgow

Applications

Alnvestigate impact of weather delays
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Applications

Alnvestigate impact of weather delays
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Optimisation tool

ACombines two optimisation techniques

Arolling-horizon optimisation: takes the current state of the installation
as an input and finds the optimal strategy to complete the
installation

Astochastic optimisation: identifies installation scenarios which are
robust to uncertainties

AA two-level model: high-level model assigns tasks to intervals;
detailed model finds the starting times of tasks within each interval
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Optimisation tool
Baseline StrathClyde
schedule Glasgow

Execution of the Disruption
schedule

eed to find a ne

schedule? No

Yes

Yes

Y

- Early start policy
- Minimum perturbation strategy
Match-up scheduling strategy
- Minimum cost plan
- Minimum deviation risk plan

Add new constraints on
cost/duration/rescheduled
tasks

1S DM satisfied?

End
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Optimisation tool

Baseline
schedule
r
Execution of the Disruption
schedule

schedule?

Yes

Yes

Y

- Early start policy
- Minimum perturbation strategy
Match-up scheduling strategy
- Minimum cost plan
- Minimum deviation risk plan

Add new constraints on

tasks

cost/duration/rescheduled

1S DM satisfied?

Yes
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Vessel failure or
unavailability

Progress of operations
better/worse than
expected

Delays to supply chain

22



Optlmlsatlon tool A
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Going forward Siaihclyde

Glasgow

AWe are supporting SSE Renewables and Beatrice Offshore
Wwind Farm Ltd (BOWL) with the application of the tools
developed through TIC FIO3

AThe aim of this project is to provide BOWL with justifiable
evaluation tools to support financial and contractual decisions

AThis is achieved by addressing three key objectives:

ATo maximise the value of the tools by tailoring their functionality in-
line with the specific requirements of the Beatrice installation project

ATo verify the operation of the tools as functioning decision support
systems through third-party testing of the underlying computer code

ATo validate the suitability of the tools for application to the Beatrice
Installation through third-party testing of the modelling processes
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Installation Model Sy

Amore detailed breakdown of operations

Mobilise

nstalation Amultiple installation vessels per asset
category
Load up vesse Asingle installation vessel used to install
.' _ different asset categories
ot i Aself-supplying vessels or supported by
et ] [Fmemn]  SUPPIY barge

Amultiple asset categories streams using
same load-out port

Aadditional operations before and after
asset installation

Load empty?

All assets
installed?

— Aa large number of operational decisions
installation ~ . . . . .
vesse Adistinct operations for the installation of
each asset category
complete
' ——wrw — D = O Y9
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AEach installation task has operational restrictions:
weather and daylight

AValue of weather limits and expected durations
are dependent on the vessel used
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Installation Model Sirathelyde

Glasgow

AVarious types of uncertainty can influence the
Installation:

AUncertain task durations

AUnplanned vessel breakdowns and the resulting
maintenance operations

AUncertain weather conditions
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More details: Strathclyde
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ABarlow, E., Tezcaner Oztirk, D., Revie, M., Boulougouris, E., Day, A. H. &
Akartunali, K. (2015), A Ex p | the impagt of innovative developments to the
installation process for an offshore wind f a r @aean Engineering. 109, p. 623-634
12 p.

ABarlow, E., Tezcaner Ozturk, D., Day, A. H., Boulougouris, E., Revie, M. &
Akartunali, K. i1 A support tool for assessing the risks of heavy lift vessel logistics in
the installation of offshore wind f a r niRINA Marine Heavy Transport & Lift IV, Oct
2014 - London, United Kingdom

ABarlow, E., Tezcaner Ozturk, D., Day, S., Boulougouris, E., Revie, M. & Akartunali, K.
n A assessment of vessel characteristics for the installation of offshore windf ar m
ICMT 2014, 7 Jul 2014 7 p.
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Thank you for your attention

NNNNNNNNNNNNNN



University of <D

Strathclyde

Glasgow

TECHNOLOGY &
INNOVATION
CENTRE




