
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A model for optimal fleet composition of vessels for offshore
wind farm maintenance
Citation for published version:
Gutierrez-Alcoba, A, Ortega, G, Hendrix, EMT, Halvorsen-Weare, EE & Haugland, D 2017, A model for
optimal fleet composition of vessels for offshore wind farm maintenance. in P Koumoutsakos, M Lees, V
Krzhizhanovskaya, J Dongarra & P Sloot (eds), International Conference on Computational Science, ICCS
2017, 12-14 June 2017, Zurich, Switzerland. Procedia Computer Science, vol. 108, pp. 1512-1521.
https://doi.org/10.1016/j.procs.2017.05.230

Digital Object Identifier (DOI):
10.1016/j.procs.2017.05.230

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Publisher's PDF, also known as Version of record

Published In:
International Conference on Computational Science, ICCS 2017, 12-14 June 2017, Zurich, Switzerland

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 22. Jan. 2021

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Edinburgh Research Explorer

https://core.ac.uk/display/372993172?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://www.research.ed.ac.uk/portal/en/persons/alejandro-gutierrezalcoba(25386f2b-c54d-443a-aa8b-f82176e0904d).html
https://www.research.ed.ac.uk/portal/en/publications/a-model-for-optimal-fleet-composition-of-vessels-for-offshore-wind-farm-maintenance(4040e510-23bb-4593-8101-ac119034fa58).html
https://www.research.ed.ac.uk/portal/en/publications/a-model-for-optimal-fleet-composition-of-vessels-for-offshore-wind-farm-maintenance(4040e510-23bb-4593-8101-ac119034fa58).html
https://doi.org/10.1016/j.procs.2017.05.230
https://doi.org/10.1016/j.procs.2017.05.230
https://www.research.ed.ac.uk/portal/en/publications/a-model-for-optimal-fleet-composition-of-vessels-for-offshore-wind-farm-maintenance(4040e510-23bb-4593-8101-ac119034fa58).html


ScienceDirect

Available online at www.sciencedirect.com

Procedia Computer Science 108C (2017) 1512–1521

1877-0509 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the International Conference on Computational Science
10.1016/j.procs.2017.05.230

International Conference on Computational Science, ICCS 2017, 12-14 June 2017,  
Zurich, Switzerland

10.1016/j.procs.2017.05.230 1877-0509

© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the International Conference on Computational Science

1∗ 2 1

3 4

1

2

3

4

∗

1∗ 2 1

3 4

1

2

3

4

∗

1∗ 2 1

3 4

1

2

3

4

∗

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2017.05.230&domain=pdf


 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521 1513

1∗ 2 1

3 4

1

2

3

4

∗

1∗ 2 1

3 4

1

2

3

4

∗

1∗ 2 1

3 4

1

2

3

4

∗



1514 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521

v k

K
Vk k
S
Γ
NP NP ⊂ Γ
NC NC ⊂ Γ
P
Pkv v k

T
Fk k
Gv v
Dst

s t
Ckvp p b v
CPi i ∈ NP
Ni i ∈ Γ

PPi i ∈ NP
Hit i ∈ NP

t
Mk k ∈ K
MPp p
Qkv v k
Bi i
Aip i p
Ps s
Yits i ∈ NC 1, . . . , t s

yk ∈ {0, 1} k
xkv ∈ {0, . . . , Qkv} v k

wits ∈ Z+ i ∈ NC
t s

qits ∈ Z+ i ∈ NP
t s

upts ∈ Z+ p t s
rits ∈ Z+ i ∈ NC

s t
zis ∈ Z+ i ∈ NP

s



 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521 1515

v k

K
Vk k
S
Γ
NP NP ⊂ Γ
NC NC ⊂ Γ
P
Pkv v k

T
Fk k
Gv v
Dst

s t
Ckvp p b v
CPi i ∈ NP
Ni i ∈ Γ

PPi i ∈ NP
Hit i ∈ NP

t
Mk k ∈ K
MPp p
Qkv v k
Bi i
Aip i p
Ps s
Yits i ∈ NC 1, . . . , t s

yk ∈ {0, 1} k
xkv ∈ {0, . . . , Qkv} v k

wits ∈ Z+ i ∈ NC
t s

qits ∈ Z+ i ∈ NP
t s

upts ∈ Z+ p t s
rits ∈ Z+ i ∈ NC

s t
zis ∈ Z+ i ∈ NP

s



1516 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521

0 ≤ xkv ≤ Qkv, ∀k, v

0 ≤ upts ≤
∑
k∈K

∑
v∈Vk

Qkv ∀p, s, t

0 ≤ wits ≤
∑
k

∑
v

Qkv max
p∈Pkv

Aip i ∈ NP

0 ≤ qits ≤
∑
k

∑
v

Qkv max
p∈Pkv

Aip i ∈ NC

0 ≤ rist ≤ Yits ∀i ∈ NC, s, t
0 ≤ zis ≤ PPi ∀i ∈ NP, s

Qkv

PPi

Yits

min
∑
k∈K

Fkyk +
∑
k∈K

∑
v∈Vk

Gvxkv +
∑
s∈S

Ps


∑

k∈K

∑
v∈Vk

∑
p∈Pkv

T∑
t=1

Ckvpupts


+

∑
s∈S

Ps

( ∑
i∈NP

T∑
t=1

HitBiqits +
∑
i∈NC

T∑
t=1

Dstrist +
∑

i∈NP
CPizis +

∑
i∈NC

CPirisT

)

xkv ≤ Qkvyk ∀k, v

k

∑
p∈Pkv

upts ≤ xkv, ∀k, v, t, s

∑
v∈Vk

∑
p∈Pkv

MPpupts ≤ Mk, ∀k, s, t

P∑
p

Aipupts − qits ≥ 0, i ∈ NP, ∀s, t

P∑
p

Aipupts − wits ≥ 0, i ∈ NC, ∀s, t

Ni

Bi
(Yits − rits) ≤

t∑
τ=1

∑
p∈P

wiτs ≤ �Ni

Bi
Yits�, ∀s, i ∈ NC, t = 1, . . . , T

Nizis +

T∑
t=1

Biqits ≥ NiPPi, ∀i ∈ NP, s

Ni

Bi
Yits

Yits

s



 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521 1517

0 ≤ xkv ≤ Qkv, ∀k, v

0 ≤ upts ≤
∑
k∈K

∑
v∈Vk

Qkv ∀p, s, t

0 ≤ wits ≤
∑
k

∑
v

Qkv max
p∈Pkv

Aip i ∈ NP

0 ≤ qits ≤
∑
k

∑
v

Qkv max
p∈Pkv

Aip i ∈ NC

0 ≤ rist ≤ Yits ∀i ∈ NC, s, t
0 ≤ zis ≤ PPi ∀i ∈ NP, s

Qkv

PPi

Yits

min
∑
k∈K

Fkyk +
∑
k∈K

∑
v∈Vk

Gvxkv +
∑
s∈S

Ps


∑

k∈K

∑
v∈Vk

∑
p∈Pkv

T∑
t=1

Ckvpupts


+

∑
s∈S

Ps

( ∑
i∈NP

T∑
t=1

HitBiqits +
∑
i∈NC

T∑
t=1

Dstrist +
∑

i∈NP
CPizis +

∑
i∈NC

CPirisT

)

xkv ≤ Qkvyk ∀k, v

k

∑
p∈Pkv

upts ≤ xkv, ∀k, v, t, s

∑
v∈Vk

∑
p∈Pkv

MPpupts ≤ Mk, ∀k, s, t

P∑
p

Aipupts − qits ≥ 0, i ∈ NP, ∀s, t

P∑
p

Aipupts − wits ≥ 0, i ∈ NC, ∀s, t

Ni

Bi
(Yits − rits) ≤

t∑
τ=1

∑
p∈P

wiτs ≤ �Ni

Bi
Yits�, ∀s, i ∈ NC, t = 1, . . . , T

Nizis +

T∑
t=1

Biqits ≥ NiPPi, ∀i ∈ NP, s

Ni

Bi
Yits

Yits

s



1518 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521

rits

B1, B2, B3

V1, V2, V3, V4

V1 V2 V3 V4 V4

V1 V2 V3 V4

V1 V2

V3 V4

V1 V2

B1 B2 B3 V3 V4

A1, A2 A3, A4

A4

A1, A2, A3

A1 A2 A3 A4

A3

A3 A4

k v P
B1 V1 {(0, 0, 4, 0)}
B1 V2 {(0, 0, 4, 0)}
B1 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B1 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0), (0, 0, 6, 0)

, (0, 0, 0, 1)}
B2 V1 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V2 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (0, 6, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0),

(0, 0, 6, 0), (0, 0, 0, 1)}
B3 V1 {(3, 0, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V2 {(3, 0, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0),

(0, 0, 6, 0), (0, 0, 0, 1)}

k v Ckvp k v Ckvp k v Ckvp

B1 V1 B2 V1 B3 V1

B1 V2 B2 V2 B3 V2

B1 V3 B2 V3 B3 V3

B1 V4 B2 V4 B3 V4

A1 A2

A3 A4

A3

A4

V3 B1



 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521 1519

rits

B1, B2, B3

V1, V2, V3, V4

V1 V2 V3 V4 V4

V1 V2 V3 V4

V1 V2

V3 V4

V1 V2

B1 B2 B3 V3 V4

A1, A2 A3, A4

A4

A1, A2, A3

A1 A2 A3 A4

A3

A3 A4

k v P
B1 V1 {(0, 0, 4, 0)}
B1 V2 {(0, 0, 4, 0)}
B1 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B1 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0), (0, 0, 6, 0)

, (0, 0, 0, 1)}
B2 V1 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V2 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B2 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (0, 6, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0),

(0, 0, 6, 0), (0, 0, 0, 1)}
B3 V1 {(3, 0, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V2 {(3, 0, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V3 {(3, 0, 0, 0), (0, 2, 0, 0), (0, 0, 4, 0), (0, 0, 0, 1)}
B3 V4 {(6, 0, 0, 0), (3, 3, 0, 0), (2, 2, 2, 0), (3, 0, 3, 0), (0, 3, 3, 0),

(0, 0, 6, 0), (0, 0, 0, 1)}

k v Ckvp k v Ckvp k v Ckvp

B1 V1 B2 V1 B3 V1

B1 V2 B2 V2 B3 V2

B1 V3 B2 V3 B3 V3

B1 V4 B2 V4 B3 V4

A1 A2

A3 A4

A3

A4

V3 B1



1520 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521

B1

|S| = 1, 2, 3 T = 90, 180, 365
|S|

|S| = 1, 2, 3 T = 90, 180, 365
|S|



 Alejandro Gutierrez-Alcoba et al. / Procedia Computer Science 108C (2017) 1512–1521 1521

B1

|S| = 1, 2, 3 T = 90, 180, 365
|S|

|S| = 1, 2, 3 T = 90, 180, 365
|S|


