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ABSTRACT

Operations and maintenance (O&M) in offshore wind farms accounts for a substantial portion of the life

cycle cost due to harsh weather conditions and vessel dispatching. In this regard, it is crucial to expedite O&M

technologies in South Korea, which is in the early stage of harnessing wind resources from the ocean. This

contribution investigates an O&M planning and scheduling model for floating offshore wind farms with a

literature review and use case study. We introduce the development of a long- and short-term maintenance

planning framework as part of an integrated O&M platform. This contains a single vessel and fleets routing

composition along with technicians and a maintenance job list based on numerical algorithms. Additionally, the

routing search presents the basis of decision support for economic trade-offs regarding smooth operation

corresponding to ever-changing wind farm situations. The maintenance planning simulator will ultimately

contribute to support yearly and day-to-day power-related decisions in a cost-effective manner.
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Fig 1. Digital Plan of the Day in Digital Wind Farm [12]
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Fig 2. Dashboard and Scheduling in O&M Management [13]
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7] Zu|A = Algglold

v A8 AlEEolE e A4S UER FAozA ZU)(
Zb) AuAE, 4712F) AuAE, 43t FuAE A
gold Jsow FRHELL ole AEIHE T&
3l7] $lsidE FHEHI(Wind Turbine Generator,
WTG), F-fA A=AE Algshs An) owdel] wa
= AYAH APEZ(Job list)3} 2z FEEZ wg g
A A ALElofol st 1G] A EFo] AEY
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oo} i},

O&M planning simulator

I
[ | |

Long term Short term
(Yearly) (Bi-weekly)

Daily

Fig 3. Qutline of FOWF O&M planning simulator

Yearly preventive maintenance job list

Job Task

WIG Power train system Oil, Filter change
Power control system | Sensor, Signal check

Bop Blade & Tower Visual inspection

Floating body, Mooring ROV, corrosion

Long-Term O&M master plan

Available WTG / Job Power

1ot days Task margin loss
#0001 / 5, 27 GWh

Jan O w7 2 | /3%
#003 / 5, 32 GWh

Feb 5 w005 /6, | 4 /4%

Fig 4. Long-Term O&M planning schema
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Short-Term preventive maintenance job list | | Short-Term corrective maintenance job list
Month Task ID Date Status Task ID Priority Date Description
March | WTG001-P0102 XX-XX In progress WTG033-C0101 4 XX-XX Blade#3 lead
WTG001-P0301 XX-XX In progress T WTG052-C0101 3 XX-XX | IGBT overheat
WTG002-P0202 XX-XX Scheduled WTG024-C0204 3 XX-XX | Pitch#l oil leak
WTG003-P0102 XX-XX Scheduled WTG060-C0105 4 XX-XX | Slip ring burn
WTG005-P0101 XX-XX Complete WTG078-C0103 2 XX-XX | Tangled anchor
(@
March
Task ID April
13 14 15 16 17 18 19 20 21 22 23 24 25 26 | Remaining
#001 P2 | s | = — o301 | P32
#002 | = | o0 QIR | = | POSOL | PORO2 Available days : 25
Corrective : 19 / 22
#033 — | e Q0101 | CO101 | Q0101 | s~ | PORO2 PO0L | FOB2 Preventive : 35 / 40
Generation (GWh) | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 -
Power Loss (MWh) | 000 - - 000 | 000 | 000 | 000 - 000 | 000 | 000 | 000 | 000 | 000 -
Down Cost 00 - - 00 00 00 00 - 00 00 00 00 00 00 -
Maintenance Cost 00 - - 00 00 00 00 - 00 00 00 00 00 00 -
== inaccessible to wind turbine due to harsh metocean condition
(b)
Fig 5. Short —Term (Bi-weekly) O&M planning and scheduling schema
Fig 4% <1zt AuAE AlEHolEe 8 7I5S 5 44 7IWH = 994 dugsed 497] 719
20k Aolth AlgARE AZF AEAH] AJEZ3 AW (Long short term memory, LSTM) 5& &
AUE AgAn oS vigoz ujld Fd% Aujz g Jrtsd JEE ATk
A(Job & Task)S #iggtet. Ak AnAEL At ¥ Fig 5-(a)& ©712F) AHAE AlEHlH F&a
G318 EAE 24 2 45 Ad9E vrgste] Au| 71%S 898 Aot} 71744 Fol Awske 71 A

75 <= (Available days)<}

s
4

4 AdF=(Job margin)

X API(Application program interface, $&3XZ 17
o

Z AN 98 29 29(Job assignment)ol Wk A A)E B8 T, T da 5ol gid) 10-15
Axkel Auze) o fFEE AREALY] ddkstel] HEds] U7A] dEHDER 2 F3H2 FHEN e 9 guzt
AT § glon, o &g TEUEA did €l sFEAzbl Widt AR EF gge] shsith mef
A N%(Failure rate) 59 244 E ©vlolEl7 A 2 F 4] VA EE ke AE AN fjg
4942 B guEd qapaAge] shssith 3 A 2AIEYo] 7hEdh, HE AE(Gantt chart) 9}
AEolEoE GA FF o suke] A A 22 AZFHQ Aol AR dxpEw gy Az
ARE AT o] ARE AREAPE Ay I 48 9 EE 2AT vk woF oAsA ke
of wE W &M (Power loss)S MHAFHoZ o P(EE aFx))e] HASAS A, AT 1HA
& JARE by, W3k ddEFe] Z Izt AR A AS A O AnA aASe gEgo Ry
Y RS 4 2AFoEN GAAR B ol AMEATE M dA S adHoR ATE 5 9
7Veetth $3-d3 dE5e 71 T dlolH e 3 t}. Fig 5-(h)E o83 2A=" qAE Yehd A
3 FEEA ] gAlE Met master SolA #S5H I ojth, 2 F o] dxol| UM AWt 7|4t
71 7174 dolHE 7|wte g AEdFAFHoleHFLd RS Fud F glevmz ¢ sHsds Tol ug A
(Autoregressive integrated moving average, ARIMA) 7} &gk Fuste] o] AuAE Y A 94717

SEMEUXNE - M13A, M2=, 2022



TR SR YeT| Fu|AE Al=Ze0ld

D+0h D+1h D+2h D+3h D+4h D+5h D+6h D+7h
1 1 ] | | ] |
I | I I 1 | I

e, @ 0 © O © o o &
Vessel |m> |W>|m.> M- ‘ vl ‘

Time

[ravell[icave]  [ravel][leave] [ teavel board][travel [ leave travel [Board][travel] MM
Job #1 | WTG #1 [ Jobworngtme ]
L Vesselwait !
Team #1
1ob #2 |WTG #2 [ob_working fime [ Team wait |
Team #2| Job #3 lwTG #3 L bwokingtme ]
H 0 i

(time horizon)Q! 2 79 7712H(1-15 7HL)el A A A v g A lj
F AuFds 45 & dSA ] sty AFEAZE A ?5}5 *§°H—Zr7] EﬂO]HEEil”V] g3t O&M

ATt
&4, 4v] vg A1 55 AT, A ’“‘jéﬂ vhe} o] FHENIY g&Fel 9
710 Awet @] JulAlE AlEgolEdAAE 71 B fAAHE fEiAE dHdx e u] Sk A <]
4 Aol wE Byl H s o Rl wEt AFAgn] F-SFe] tid iy dFe] 23 /T ¥
oF 1A AYg dApEE AT F glon, g s] wiEel F3}-3F dF5A 28] O&M T ZH
Aujztd o] &8 Agte] Bl dlellA Azl FAIRE Foll EFrojof gk mek o FHEN Al2Eld A
ol ¢tEd £ gle AdA #dshrlE dA & & FdEa  gle AeEizldA25(Condition
ol webA, AR FFAIZHEZE 8 A7 %) olWel  monitoring system, CMS) Tt o] %] Atk (Predictive
Y AujgdS 3tge o)A AHujde wigs diagnosis)Zt F& FEo| thet o] 41 (Remaining
= A 2AZEY gk A Eeelde] dastth Fig  usedful life, RUL) 71%50°] 37 "@AlEo] f7]3o s
6= ol uigh 7heFet sd ol FEEE O&M AHEA g3t oA E SuE
Aeolt},
2.4 OIX|d O&M E&t ZE obgd tXd ELF 4% A9 7|5g FUE

5 o
A4 0&M £3 ZHE A< /HdS Fig 74

i
=
ol ved & gl

23904 Awst Au|Ag A& o el 52 3l
FRAEA FPwALR AP2A )5S 89
g 4 otk obd AW ukel o] AFAH 2 Digital T SCADA
55 9 3 B oid 2AFEoRAY L M ] = ows /o
AAHEL AuAY FAY 7]TEY dAE dof — 3D VR
Bz B9 9ast U ot A8E, oE, Al Mistocean forecasting
pogu Hu Aue 9 Auled Sk 3 Dashboard
s/, A Aduig 4 Adujed 53 @ dlo] for — O&M Planning & Scheduling
o] 22 FZPoZHN {AAH Yarze AFS decision support | \— performance Monitoring
ANtow seke & m, ¢4 % Au] B 2 L Bge Device
Q3 ARE D oHE SO g FEHY AE3 A -
28 23 AAeks 702 sjE 2 9l o] Lifecycle Data Asset Management

) Model Warehouse/3rd Party Management

7S ES TSR T UA ] By, H&
A, WAL o] T4 Mulse] Au] oy & 6:]/\1— 7 | Simulation Engine ‘ ’ Database ‘ ’ API |
g} f71H o2 AsEol 9-4H oy 7k

Fig 7. Predictive O&M platform for FOWF

SHUUXNE: M13d, 2=, 2022 9



7

|3t o] o}

3}
=]

af ol

3
=

2 9
oo
[¢

Rl
=3

S
w5

A ZHteam wait

N

2=

- (leave) A1ZE o5

E

o ¥

A2kl
FAol A o] 5H L

554
7]

o]
1=

A
o
A
A
L
=
°©

L

]_

]_

[

o]%A 71 A17Hvessel wait

3}

Auldoel 2 7] o] el

L
Rl

1

s 2hE ), o

Azre] grem Aeoju,

glo|Eget, vk 2 EjyleA] An|

(board)

il

A
!

nhA 3 B
g

D
Azbe]

2=

[

L

]
p

(travel) AI1ZF 2 AH]

L

13l

1
£7F gl

Hez T

oA EHle® o]F

i

A

o)
=

!
71t
time) 2.2 Ao,

°

9
1.
34
An 2]
o]
KR
E

o]

ol =7t

}

ke
el

o o
Sa7lol= A5

=

Location
=

|

Attributes

Velocity, Fuel consumption, Capacity,
Availability, Accessible wave height
Duration, Time to board and leave

Team, Type, Certification, Availability
Set, Type(Preventive, Corrective), Job

vl

! Z|F Hy| AHEE ¥

glgl
Table 2. Main components for daily O&M scheduling
Entity
Vessel
Technician
Job & Task
WTG

Table 28} #Zo] FA=

3.

2 A 498

7 Eulel o]

o

!

el

X

o]
0

a
ool

d FE oldd v

=)l

by,
A7) EAel we Qe Az A4 olwes] o

k<
pa

=T
N

I
il
(Ho

zl
40

oll
il

1 Y7lAzke] )

A ool

fne g

I3

°o] 7k

o}
=k

(Single vessel routing)

Tox

IEA29k 282

skef Anl o

1

gl

Hl Hjo]A~E &

0o

ol
e

7A
4o

=%
=

|54 =

A o

Z

i

ko)
el

dAow el n ) UYL m A of

PRI CICEINIEEE
o3l ol%

P
T

=]
&

o

p

2 AFoR Y olF4d o
2

(Fleets routing)

31

3.2 Ci== O|SMYE Hu|=td i AlZ201M

A

tod

o

~

B}
h=

A 2ol

)

ke
pa

212!

Aol el glon=
(2n)!

ot 7l Rl o

}

o
el

Ho|~2 273
Numberof cases

il wlo] 2ok B,

& Az sl

} o

N~

2022

2,

M2

THN3A,

LV IEPAPSES

10



AlEglold

3|
2|

tX|o| Fyety| oA

24C
=T

10

Ab
o

4~(Stirling

numbers of the second kind)& 2## 9loH ofze}

| Fig 99k 2ol

3]

‘ﬂ

87

2%

fo 4AE ol

ks

Z:]’O

R

K

]

A7 e

ot [14].

W
e

2ol %

BN
1o
ol

wr

jul
o

o
0

X

m =0

oy
ojn
o
&
o
o
T
oF
&
g
of
o
%0
w
—_
~
o
CRe)
N o
o
o
G
o H
o
of
T
To
ol
=)
4o
o
B|N
=)
o~
)
=
il
)
=r
!
SiH
8
T
~
5

)

Foltt. Python zolHeie|z A&

}:L_
itertools EE[16]& o]

i

VS
S

<
<

Jo
~
o

—~
1o

W
;O.ﬂ
mj
=
o
o
ﬁo

oyl

N
<

tH, Fig 63 o] BE o|FA 9 ALty

A| -5 3]

KeX
=

3.

o) b
I n 4] 24122 (Job list

A

e om MY aFoR FoA olF
(Job list grouped by vessel)o] Al =w

q

Z
L

[e}

_
®
m

g A

3]

_
©
™

[MY IN] 350D @dueURUIE|N

o

O

L WRE m W wfdoz o)

A

A~
£l

I

= O
555 0

® o
HO]E
=0 O
xA,UrL
il
=
|28 ep]
=
g zu
o X
S m
- X
12}
& W
= re
Wl =
o
on B
~r X
Jio
T
oo
° N
T

84 86 88

8.2
Lead time [hour]

L2
0

| 2
~

ﬂ
ed
4o

Fig 9. Economic trade-off chart for maintenance scheduling

R

o=
T

Job list
(1,2,3, -,

n)

T B
= 0
ﬂor%ﬁ oy ﬂvm/r
el R R
TN S ) or
Ho ® = T T
A= o m X
dl]c._o o %0
B2 X g
% < o N
szzir TZ
]

PR
o ol ol Moﬂe
R v i [
i
71_,/|X_| ) ;oLqu‘_
T I R g o P
B do ¥ T o
Mﬁaq ‘mmm WO#E
,._,_moJ,AIHE oy
L ITiusds
Ao b N
2Ky A 70
ux»an_ﬁ = o R
T B Ao O oF
% E

T

2«

O -

>

[ [
[

%=

| 8 D =
%._u# 3

H m\hn
g ES
DG.TM o - & HH
S < 8z =
o= 1«8
B | g

— ol ® o =
3= >3

- = L

ol
=)

or

=
TR
o)

o

0

X

ey

o

2|

—_—
o
Gy
=
iy

adl

o A

te2 el guA g

3ok 3]

L
=E)

L
L

5

ool ujA

KeR
=

Foz Aesa gk guA

ocation algorithm

Fig 8. Vessel and Job al

11

2022

=y

X2

13,

=V IIEPNPSEEH



programming) &< A3} WyEe
S 3 FEAel e Axrd gz ded

lo,
;
c

BT AEARARY ANOR ol
7% HAAKETEPS] A0S ol 283 AT
(FHA 52 20203010020050) 5 F 3l G- = AFHT

[1] Ministry of Trade, Industry and Energy, 2017,
Renewable Energy 3020 Initiative (in Korean).

[2] Ministry of Trade, Industry and Energy, 2019
Third Energy Master Plan (in Korean).

[3] Korea Wind Energy Industry Association (KWEIA),
2021, 2020 Annual Report on Wind Energy
Industry in Korea (in Korean).

[4] Snyder, B., Kaiser, M. J., 2009, “Ecological and
economic cost-benefit analysis of offshore wind
energy,” Renewable Energy, Vol. 34, No. 6, pp.
1567~1578.

[6] Li, X., Ouelhadj, D., Song, X. Jones, D. Wall,
G., Howell, K. E,, Igwe, P., Martin, S., Song, D.,
and Pertin., E., 2016, “A decision support system
for strategic maintenance planning in offshore
wind farms,” Renewable Energy, Vol. 99, pp. 784
~799.

[6] Stehly, T. and Beiter, P., 2020, 2018 Cost of

12

(= o=

o QoixX

Wind Energy Review, NREL/TP-5000-74598,
National Renewable Energy Laboratory.

[7] Stehly, T., Beiter, P., and Duffy, P., 2020, 2019
Cost of Wind Energy Review, NREL/TP-5000
-78471, National Renewable Energy Laboratory.

[8] Dalgic, Y., Lazakis, I, Dinwoodie, I, McMillan,
D, and Revie, M., 2015, “Advanced logistics
planning for offshore wind farm operation and
maintenance activities,” Ocean Engineering, Vol.
101, pp. 211~226.

[9] Lazakis, I and Khan, S., 2021, “An optimization
framework for daily route planning and
scheduling of maintenance vessel activities in
offshore wind farms,” Ocean Engineering, Vol.
225, Article 108752.

[10] Irawan, C. A., Ouelhadj, D., Jones, D., Stalhane,
M., and Sperstad, 1. B., 2017, “Optimisation of
maintenance routing and scheduling for offshore
wind farms,” European Journal of Operational
Research, Vol. 256, pp. 76~89.

[11] Gutierrez-Alcoba, A., Hendrix, E. M. T., Ortega,
G., Halvorsen-Weare, E. E., and Haugland, D.,
2019, “On

scheduling for decision support on vessel fleet

offshore wind farm maintenance

composition,” European Journal of Operational
Research, Vol. 279, pp. 124~131.

[12] GE Renewable Energy, Digital Wind Farm Services
& Solutions, Available online: https://www.ge.com/
reeweeenargy/wind -energy/onshore - wind/digital
-wind-farm.html,accessed on February 1, 2022.

[13] Shoreline AS, Available online: https:/www.
shoreline.no, access on February 1, 2022.

[14] Kim, T. 2017, “A note on degenerate Stirling
polynomials of the second kind,” Proceedings of
the Jangjeon Mathematical Society, Vol. 20, No.
3, 319 -3.

SEMEUXNE - M13A, M2=, 2022



