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DecomDSS Functions

The decision support system allows to
Define an offshore windfarm
Define/Set available resources
Define different removal scenarios
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Evaluate a removal scenario for its Cost and Emission

Decom DSS

Data

Models
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Expandable to different levels of detall
Can be used for different scenarios
Generic; can be used for different windfarms, types of wind turbines, etc
Expandable to include new set of data (as new technologies emerge)
User friendly

Decom DSS

Data

Models

—

Multicriteria
Scenario
Evaluator

Cost and
Emission
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A Decision Support System for Decommissioning
of Offshore Windfarms: The Data Platform

Alireza Maheri
School of Engineering
Centre for Energy Transition
University of Aberdeen
Aberdeen. UK
alireza.maheri@abdn.ac.uk

Abstract—This paper presents a data protocol for storing the
information which are required for the planning of windfarms
decommissioning. The data protocol is the base of a decision
support system software tool which allows its user to define
various decommissioning scenarios and to evaluate them against

Shahin Jalili
School of Engineering
Centre for Energy Transition
University of Aberdeen
Aberdeen, UK
s.jalili@abdn.ac.uk

them against CRE (Cost, Risk, and Environmental impact)
measures. This paper elaborates on the first phase of the
development of the system and is focused on the data required
for decision making and optimisation of the process.

Mabheri, A., Jalili Dargalusani, S. (2021) ‘A Decision Support System for
Decommissioning of Offshore Windfarms: The Data Platform’, IEEE Xplore,
DOI: https://doi.org/10.1109/EFEA49713.2021.9406248
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ELSEVIER S — COST MODELLING FOR OFFSHORE
WIND FARM DECOMMISSIONING

Decommissioning cost modelling for offshore wind farms: A DECOMTOOLS 2022
bottom-up approach

Callum Milne ®, Shahin Jalili°, Alireza Maheri >

* School of Enginecring, University of Aberdzen, King's College, Aberdeen AB24 SUE, United Ki
* Gentre for Energy Transition, School of Engineering, University of Aberdeen, King's Gollcge, Aberdecn AB24 SUE, United Kingdom

ARTICLE INFO szst  Economic and environmental assessments to support the decision-
Kepwords meie  IMaking process in the offshore wind farm decommissioning projects
Offshore wind farm renewab
Offchore decommissioning comi . . . s . . . .
ol ¢ e Shahin Jalili*®, Alireza Maheri**, Ana Ivanovic?, Richard Neilson*®, Marcus Bentin®,
e preject | Stephan Kotzur®, Roger May?, Isabel Siinner®
f_"uﬁ&\-’: aSchool of Engineering, Universify of Aberdeen, King's College, Aberdeen AB24 3UE, Unifed Kingdom
transpor National Decommissioning Centre, University of Aberdeen, Newburgh AB41 644, United Kingdom

Faculty Nautical Sciences, University of Applied Sciences, Hochschule Emden-Leer, Leer, Germany
Marine Scotland Directorate, United Kingdom
eHamburg I of International E ics, Hamburg, Germany

Abstract

The wind energy sector has experienced a significant expansion during the past two decades. With
the current global appetite for the further expansion of Offshore Wind Farms (OWFs) as one of
the main renewable energy resources. a vast number of OWFs are expected to enter the
decommissioning stage in the near future which may potentially create serious environmental and
economic challenges to different countries. Hence. effective decision-making procedures are
required to protect the environment. taxpayers. and local communities against the potential
economic and environmental impacts of OWF assets at the end of their lifetime. This study
presents a new approach for economic and environmental assessments of OWF decommissioning
projects based on a bottom-up model. The approach formulates the costs and emissions based on
the available data and experience in the field and tries to provide appropriate assumptions to predict
the costs and emissions caused by the different decommissioning activities. In order to validate
and show the applicability of the approach. the cost and emission analyses of two OWF
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2 DecomTools Decom DS v

Windfarm Components | Define Removal Scenariol Analysis Removal Scenario|

Select Component: Show all Compaonents - TSI |

H H Wind Turbine
Windfarm in 3 : | _—
. Wind Turbine E o
levels of detail Nacelle E S—
plate = =
Main Bearing WT Transition Piece
Main Shaft WT Foundation
Gearbox
GB Bearings Bladet
GB Gears Blade2
GB Lubricants
GB Sensors Blades
Generator Hub
'ésg{f‘.cz.mm“s Offshore Sub-Station
indings
G Bearinggs Il OFSS Helideck and/or heliwinch
g OFSS Transition Piece
l Level Up “ Level Down " Zoom In “ Zoom Out l OFSS Foundation
l Reset Level " Save Figure OFSS Topside
) Onshore Sub-Station |

Component Attributes: T TR G e
Component: WT Tower Power Transmission |

Parent: Wind Turbine
Level: 3
Code: 01,2

Export Cable
Array Cable
Cable Protection

>No. of Identical Components on Parent= 1
=Total No. of Components in WF= 88
=Dimensions (m)= 80,55 .
>Mass (kg)= 255000 MM Foundation
=Materilas: MM Topside
Steel: 255000 kg 4 MM Tower
>Connections:
C1: Nacelle
Type: Bolted
Remaval(s):

DA | laboltf4 00

m

Meteorological Mast

l Restart DecomDss l
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Windfarm Components | Define R ‘Scenaliol Analysis R ‘Scenaliol

Windfarm in 5 levels

Windfarm

Select Component: |Sh0w all Components v]

Level Up “ Level Down “ Zoom In “ Zoom Out l

Reset Level “ Save Figure l

Component Attributes:

Component: Windfarm -
Parent: Root

Level: 1

Code: 0

Name/Type: Sample Windfarm
>No. of Identical Components on Parent= 1
=Total No. of Components in WF=1

o

Restart DecomDSS ]
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Wind Turbine |

Nacelle

Bedplate

Main Bearing

f Main Bearing: Parent Macellg; Level 4; Code0,11,2
Main gl g : |

Gearbox

GB Bearings

GB Gears

GB Lubricants

GB Sensors

Generator

Asynchronous

G Windings

G Bearings

G Sensors

G High-speed shaft coupling

Power Take-off System

PTO Power converter

PTO Transformer

PTO Switchgear

PTO Cables

Power Control System

PCS Control panels

PCS Control system

PCS Sensors

PCS Safety and Emergency Sys...

Yaw System
YS Motors and associated gear. ..
¥S Brakes
YS Sensors
Auxiliary Systems

AS Brake



_ Define Removal Scenarie | Analysis Removal Scenario

e

Connections (click to combine)

C1:Blade1 * Hub -
C2:Blade2 * Hub

C3'Blade3 * Hub

C4:Hub * Nacelle

Ca:Nacelle * WT Tower

C6:0FSS Foundation * Seabed OFSS

C7:0FSS Topside * OFSS Transition Piece

C8:0FSS Transition Piece * OFSS Foundation

CO'WT Foundation * Seabed WT

C10:WT Tower * WT Transition Piece

C11:WT Transition Piece * WT Foundation o

Cut Method (click >> to select one method)
64)

C2: Unbolt(64)

C3: Unbolt(64)

C4: Unbolt(24)

C5: Unbolt(120)

CE: AWJ(5.7,0.06)

C7: Plasma(5,0.05)

C8: Plasma(5.7,0.06)

CO AWJ(3 4,0 05)

=» C10: Unbolt(100) ; Plasma(3.0.04)

C11: Plasma(3.4.0.05) =

Reset Connections

Cut & Lift Order (click on C&L items to change order

C1:Blade1 * Hub -
C2:BladeZ2 * Hub

C3:Blade3 * Hub

C4'Hub * Nacelle

CS Nacelle * WT Tower

CB:.0FSS5 Foundation * Seabed OFSS

C7:0OFSS Topside * OF3S Transition Piece

CB:0FSS Transition Piece * OFSS Foundation

CO'WT Foundation * Seabed WT

C10:WT Tower * WT Transition Piece

C11:WT Transition Piece * WT Foundation <

&

Hlep ez

Each line represents a cut and lift

I Check Removal Scenario l
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|4 Cut Method =

»  List all available connections
»  Allows for combining components,
hence defining different scenarios

| Windfarm Componentsl Define Removal Scenario | Analysis Removal Scenario

v Selact

¢ Unbot(100) § ’Pla.srna(S,D-.EM}l

» Data required for estimating the cutting
time

» In case of >>’ there are more than one
option. The user needs to select one

z Errors/Warnings

Checks for the

» Right order - error if not

» Cut data > warning editable in the next
step

» Capacities

‘_:,_..:.ﬂ

> Error 1 @ For each cut & lift only one cut method must be selected
= Error 2 : C&L order is not comect; Reorder OFSS Foundation
o > Error 3 : C8L order is not comect; Reorder OFSS Topside
> Error 4 | C&L order is not comect; Reorder WT Foundation
> Error 5 : C&L order is not comect; Reorder WT Tower
I > Warning 1 : Missing cutting data for WT Tower

S
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Connections (click to combine)

C1:Blade1 * Hub

C2:Blade2 * Hub

C3:Blade3 * Hub

C4:Hub * Nacelle

CoNacelle * WT Tower

C6:0FS55 Foundation * Seabed OFS5
7-0OFSS3 Topside * OFSS Transition Piece
8.0FSS Transition Piece * OF35 Foundation

COWT Foundation * Seabed WT

C10:WT Tower * WT Transition Piece

C11:WT Transition Piece * WT Foundation

Cut Method (click >> to select one method)

C1: Unbolt(64)
C2: Unbolt(64)
C3: Unbolt(64)
C4: Unbolt(24}
C5: Unbolt(120)
C6: AWJ(5.7.0.06)

72 Plasma(5,0.05)
C8: Plasma(5.7,0.06)
CO: AWJ(3.4,0.05)
== C10: Unbolt(100) ; Plasma(5,0.04)
C11: Plasma(3.4,0.05)

| Reset Connections

Cut & Lift Order (click on C&L items to change order)

C1:Blade1 * Hub

C2:Blade2 * Hub

C3.Blade3 * Hub

4:Hub * Nacelle

C5 Nacelle * WT Tower

CE:0FSS Foundation * Seabed OFSS
CT:OFSS Topside * OFSS Transition Piece
C8B:0OFS5 Transition Piece * OFS3S Foundation
CO'WT Foundation * Seabed WT

C10:WT Tower *WT Transition Piece
C11:WT Transition Piece * WT Foundation

-

Check Remaval Scenario

|
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Leaving Foundations

L & .
q"%‘e
Leaving foundations = combining Seabed and Foundation
Oy, .w&gr
m.lb.&’pfeee
w&l‘e\? wedag .M%ex,b .qr&g q‘”‘%&'a,
"85,
Connections (click to combine e b
C1:Blade1 * Hub -
C2:Blade? * Hub
C3:Blade3 * Hub & e,
C4:Hub * Nacelle
CaNacelle * WT Tower
CB:0OFSS Topside * OFSS Transition Piege
CT:OFS5 Transition Piece * OF 35 Foundition&Seabed OF33
CBWT Tower *WT Transition Piece .w,-% _
COWT Transition Piece * WT Foundation&Seabed WT ’9’*"‘*w%
MFG
%""”*ﬁse
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Cut ancd lit

¢

| Windfarm Components| Define Removal Scenario | Analysis Rermnoval Scenario|

Connections (click to combine)

C1:Blade1 * Hub

C2Blade? * Hub

C3:Blade3 * Hub

C4:Hub * Nacelle

C5MNacelle * WT Tower

CHe:OFS5S Foundation * Seabed OFS5
CT:0OFSS Topside * OFSS Transition Piece
C8:0F5S Transition Piece * OFSS Foundation
CO'WT Foundation * Seabed WT

C10:WT Tower * WT Transition Piece

|| C11:WT Transition Piece * WT Foundation

—
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Rotor as a whole

Rotor as a whole= combining all 3 blades and the hub

| Windfarm Componentsl Define Remowal 5cenario | Analysis Rernoval Sce

Connections |c|ick to comhinel
C1:Blade3&Blade?8&Blade1&Hub * Nacelle
C2:Macelle * WT Tower

C3 0OFSS Foundation * Seabed OFSS
C4:0FSS Topside * OFSS Transition Piece
C5.0F55 Transition Piece * OFSS Foundation
CEWT Foundation * Seabed WT

CTWT Tower * WT Transition Piece

CAWT Transition Piece * WT Foundation
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Excluding offshore subsiation from rermoval

Excluding offshore substation from removal= combining offshore substation seabed, foundation, transition piece and topside

Windfarm Components| Define Removal Scenario | Analysis Removal Scenario

C3:Blades3 * Hub

C4:Hub * Nacelle

C5:Nacelle * WT Tower

C6&'WT Foundation * Seabed WT [
C7:WT Tower * WT Transition Piece ey

C8:WT Transition Piece * WT Foundation

Cut Method (click >> to select one method) O
C1: Unboli(64) a
C2: Unbolt(64)

C3: Unbolt(64)

C4: Unbolt(24)

C5: Unbolt(120)

C6 AWJ(3.4,0.05) L 5 o, ®,

>> C7- Unbolt(100) ; Plasma(5,0.04) e e Marey,
C8: Plasma(3.4,0.05)

Reset Connections W"?"om}

C3'Blade3 * Hub s
C4'Hub * Nacelle

.
C5:Nacelle * WT Tower i, g,
CE:WT Foundation * Seabed WT e
C7:WT Tower *WT Transition Piece
C8:WT Transition Piece * WT Foundation
.
- o"”cbyb,,
l Check Removal Scenario ]
®s,,
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Evaluation

| Windfarm Componentsl Define Removal Scenario| Analysis Removal Scqnario | Editable Editable
Component Mass Cut Method #bolts/D,tw Removal Speed Positioning Time Removal Time Mo. in WF BV Capacity
(tone) {m,m) {bolt’hr, mm/hr) (hr) {hr)
Blade1 12 Unbalt 64 30 3 51 a8 90
Blade2 12 Unbaolt 64 30 05 26 a8 a0
Blade3 12 Unbalt 64 30 05 26 a8 90
Hub 4 Unbolt 24 30 05 1.3 a8 1000
Nacelle 70 Unbuolt 120 30 1 5 g3 7a
WT Tower 255 Plasma 5004 41800 2 24 aa 60
WT Transition Piece 260 Plasma 34005 33500 1 1.3 a8 20
WT Foundation 1200 AW 34005 4800 3 52 a8 20
Using built- Default
in mode|s values. but Deterministic Analysis
1
and the editable Total Removal Time (Days)
data in the _
. Ho. of TB/IBV Trips
previous
column; Cost {m£)
a_lso Emission {ton CO2)
editable ‘
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Thank Youl
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