








 



Terminology Explanation 

General setup The input added on top of the model foundation to make it 

project specific but will be consistent in every evaluated 

scenario of this study, if not mentioned otherwise. 

Maritime partners Vroon, DHSS and Peterson, participants in the research 

consortium 

Model foundation A default input for the model that is used by TNO in O&M 

modelling. This default input contains: Subsystems of wind 

turbines, failure modes, corrective maintenance actions, 

scheduled maintenance actions, vessels, etc. 

Yield availability The energy produced by the wind farm relative to the 

hypothetical maximum amount of energy produced if the 

wind turbines would have no down time. 

 

 

Abbreviation Explanation 

CTV Crew transfer vessel 

FCS Fast crew supplier 

LOA Length overall (maximum ship length) 

O&M Operations and maintenance 

OPEX Operating expenses 

S2SS Ship to ship supply  

SOV Service operations vessel 

UA University of Antwerp 

USV Unmanned surface vessel 
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Name Type of or-
ganisation 

Involved De-
partment of 
the organisa-
tion 

Role in the project 

TNO Research In-
stitute 

Wind energy 
group 

Project Coordination 

Analysis logistic concepts in port 
and at sea; workshop hosting and 
participation; cost reduction im-
pact of logistic concepts on off-
shore wind energy OPEX;  

DHSS Large Organi-
zation 

Location Den 
Helder 

DHSS is a large logistics provider 
in both offshore wind and oil/gas. 
DHSS provides important input on 
the logistical concepts and learns 
from the findings to prepare for fu-
ture developments;  workshop 
participation 

DroneQ Ro-
botics 

Small and Me-
dium-sized En-
terprise (SME) 

General in the vessel train concept we 
also contemplate logistical 
streams by drone: spare parts de-
livered by drone to either wind tur-
bine or SOV are contemplated; as 
a drone specialist, DroneQ will 
provide input and feedback; work-
shop participation; usage of 
drones in logistical concepts; ana-
lysing impact on regulations for air 
bound logistics. 

Energie Be-
heer Neder-
land (EBN) 

Public body Advice & Inno-
vation 

With a potential shift from wind 
farms generating e.g. hydrogen, 
EBN will have an important role in 
overseeing network connections 
and logistical streams supporting 
those networks. Cash contribu-
tion; interested in findings, not 
participating actively; 

Municipality 
of Den Helder 

Public body Harbour & Air-
port 

as major stakeholder of Port of 
Den Helder the municipality will 
learn about potential future devel-
opments necessary for Port of 
Den Helder to be fitted adequately 
for the future; workshop participa-
tion 



Name Type of or-
ganisation 

Involved De-
partment of 
the organisa-
tion 

Role in the project 

Coast Guard 
of The Neth-
erlands 

Public body Policy mari-
time affairs 

Operating innovative logistical 
concepts, each with their own 
specific potential impact on safety 
at sea, requires early involve-
ment, input and feedback from 
Coastguard; workshop participa-
tion; analysing impact on regula-
tions for air bound- and seabound 
logistics.  

Maritime 
Emerging 
Technologies 
Innovation 
Park Noord-
Holland 
(METIP) 

Public body General as an innovation body, supporting 
new seabound technologies, 
METIP is very eager to learn 
about the vessel train concept 
and to bring their knowledge from 
related start-ups into the project; 
workshop hosting and participa-
tion; usage of drones in logistical 
concepts 

OrangeBeak 
Penguin 

Small and Me-
dium-sized En-
terprise (SME) 

General from large oil/gas related experi-
ence in logistical streams Or-
angebeak Penguin can make the 
connection between logistics for 
O/G and offshore wind. This is 
particularly relevant when Power 
to X wind farms will be built in the 
future, potentially connecting off-
shore wind farms to existing oil/ 
gas infrastructure such as pipe-
lines and underground storages; 
workshop participation 

University of 
Antwerp 

University Faculty of 
Business and 
Economics 

Modelling of automation concepts. 
Previous participant of the EU No-
vimar project.  

Ontwikkel-
ingsbedrijf 
NHN 

Public body General as stimulator for economic activi-
ties in the northern part of Noord-
Holland, the Ontwikkelingsbedrijf 
is very keen on bringing in their 
knowledge on technology devel-
opments as well as to learn from 
the other participants where de-
velopments are going; workshop 
participation; establishing future 
potential economic/ technical de-
velopment directions 

Peterson Den 
Helder BV 

Large Organi-
zation 

Energy Logis-
tics 

Peterson is a large logistics pro-
vider in both offshore wind and 
oil/gas. Peterson provides im-
portant input on the logistical con-
cepts and learns from the findings 
to prepare for future develop-
ments; workshop participation 



Name Type of or-
ganisation 

Involved De-
partment of 
the organisa-
tion 

Role in the project 

Port of Den 
Helder  

 

Public body 

 

Management With a large volume of offshore 
wind being foreseen in the work-
ing area of Port of Den Helder, 
the Port provides important input 
on the logistical concepts and 
learns from the findings to pre-
pare for future developments and 
direct future investments; work-
shop participation and hosting  

Ocean Winds 
Belgium 
Netherlands 
N.V. 

 

Large Organi-
zation 

General As an operator/ developer of both 
offshore wind farms, Ocean 
Winds will provide important input 
and feedback for the project; ana-
lysing impact on business case  

Vroon Off-
shore Ser-
vices 

Large Organi-
zation 

Vroon Off-
shore Services 
B.V.  

Vroon is a large logistics provider 
in both offshore wind and oil/gas. 
Vroon provides important input on 
the logistical concepts and learns 
from the findings to prepare for fu-
ture developments; workshop par-
ticipation 
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Day Rate Working kEur 30 20 30 

Day Rate Waiting kEur 30 20 30 

Ship length (LOA) M 84 27 27 
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An overview of the scenarios and the different levels of modelling input is shown in Figure 12.  
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Existing state of the art vs ship-to-ship supply



For relative 
comparison 
only 

Unit Existing State 
of the art 

Ship-to-ship 
supply 

Δ 
[%] 

Δ [M€/year] 

Yield 
Availability* 

[%] 

Vessel Costs   [M€/year] 521.6 522.1 0.1% 0.5

Technician 
Costs  

[M€/year] 
37.0 36.2 -2.2% -0.8

Spare Part 
Costs  

[M€/year] 
94.7 94.7 0.0% 0.0

OPEX Costs  [M€/year] 729.5 729.2 0.0% -0.3

Revenue 
losses  

[M€/year] 
361.2 337.2 -6.6% -23.9

Total Costs  [M€/year] 1090.7 1066.4 -2.2% -24.3

 

Costs per 
vessel  

Unit Existing State 
of the art 

Ship-to-ship 
supply 

Δ  
[%] 

Δ [M€/year] 

Supply vessel  [M€/year] 0 10   10 

Fast crew 
supplier  

[M€/year] 
0 13   13 

On-demand 
vessel  

[M€/year] 
37 36 -2.5% -1 

SOV  [M€/year] 266 248 -6.8% -18 

Total Vessels  [M€/year] 522 522 0.1% 0.5 



 

 Supply vessel FCS 

Occurrences of delays (>1 day) 23% 16% 

 

 
 

Existing State of the art Ship-to-ship supply 

 
 

1.5 GW 9 GW 30 GW 1.5 GW 9 GW 30 GW 



SOV with 

Daughter Craft 

Supply Vessel 

(Fuel, etc) 

Small FCS (Wind 

technicians) 

Large FCS (Wind 

technicians and 

Marine crew) 

On-demand 

vessel  
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34.7 €/MW

34.7 €/MW

34.7 €/MW

45 €/MW

45 €/MW

45 €/MW

53.7 €/MW

53.7 €/MW

53.7 €/MW

-40 -30 -20 -10 0

OPEX Costs

Revenue losses

Total Costs

Cost difference [M€]

Sensitivity Analysis: Electricity sales price



Δ [%] Δ [%] Δ [%]

[M€/year] 417 418 0.1% 522 522 0.1% 626 627 0.1%

[M€/year] 625 625 -0.1% 729 729 0.0% 834 834 0.0%

[M€/year] 361 337 -6.6% 361 337 -6.6% 361 337 -6.6%

[M€/year] 986 962 -2.5% 1,091 1,066 -2.2% 1,195 1,171 -2.0%

 



Δ [%] Δ [%]

94.0 94.3 0.3% 90.4 90.9 0.5%

 

Summer

Summer

Summer

Summer

Summer

Summer

Summer

Winter

Winter

Winter

Winter

Winter

Winter

Winter

-10.0% -8.0% -6.0% -4.0% -2.0% 0.0% 2.0% 4.0%

Yield Availability

Vessel Costs

Technician Costs

Spare Part Costs

OPEX Costs

Revenue losses

Total Costs

Sensitivity analysis: season-dependency





 Unit Status 
quo 

1 SOV Δ [%] 2 SOV Δ [%] 4 SOV Δ [%] 8 SOV Δ [%] 

Vessel 
Costs   

[M€/year] 

OPEX 
Costs  

[M€/year] 

Total 
Costs  

[M€/year] 
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Δ [%] Δ 

92.4 92.4 0.2%  
[M€/year] 522 506 -4% -22
[M€/year] 36 36 0% 0
[M€/year] 729 714 -3% -21
[M€/year] 337 338 -2% -7
[M€/year] 

 

 

 

 

0.2%

-4%

0%

-3%

-2%

-3%

-6.0% -4.0% -2.0% 0.0% 2.0%

Yield Availability

Vessel Costs

Spare Part Costs

OPEX Costs

Revenue losses

Total Costs

Basic S2SS versus S2SS with on-demand spare 
parts by drones



 
 S2SS Offshore 

Handling 
Drone 

Δ [%] Δ  

Yield Availability   92.4 92.4 0.0%   

Vessel Costs    528 527 0% 1 

Technician Costs   522 523 0% 1 

Spare Part Costs   36 36 0% 0 

OPEX Costs   95 95 1% 1 

Revenue losses   729 731 0% 2 

Total Costs   337 337 0% 0 

 

 

 

 

 



   

 
Δ [%] Δ  

92.4 93.0 0.7%  

522 525 1% 3

36 35 -3% -1

95 95 0% 0

729 732 0% 3

337 310 -8% -28

1066 1041 -2% -25

 

 

 

0.7%

1%

-3%

0%

0%

-8%

-2%

-10.0% -8.0% -6.0% -4.0% -2.0% 0.0% 2.0%

Yield Availability

Vessel Costs

Technician Costs

Spare Part Costs

OPEX Costs

Revenue losses

Total Costs

Basic ship-to-ship supply vs inspection USV 
scenario



  

 
 Basic 

S2SS 
S2SS with all 

drone 
applications 

Δ  
[%] 

Δ  
 

Yield 
Availability  

 
92.4 93.5 1.1%  n.a. 

Vessel Costs    522 464 -11% -58 

Technician 
Costs  

 
36 35 -3% -1 

Spare Part 
Costs  

 
95 95 0% 0 

OPEX Costs   729 671 -8% -58 

Revenue losses   337 292 -14% -46 

Total Costs   1066 962 -10% -104 

 

1.1%

0.8%

-11%

-3%

0%

-8%

-14%

-10%

-17.0% -12.0% -7.0% -2.0% 3.0%

Yield Availability

Time Availability

Vessel Costs

Technician Costs

Spare Part Costs

OPEX Costs

Revenue losses

Total Costs

Basic sea-to-sea supply vs all drone applications



 

 

 



 

  
 Existing 

state of the 
art 

S2SS + all 
innovations 

Δ  
[%] 

Δ  
 

Yield Availability   92.5 93.4 1.0%  n.a. 
Vessel Costs    925 801 -13% -124 

Technician Costs   60 57 -5% -3 

Spare Part Costs   157 158 1% 1 
OPEX Costs   1,269 1,143 -10% -126 
Revenue losses   556 489 -12% -67 

Total Costs   1,824 1,632 -12% -193 

 

 

 

1.0%

-13.4%

-4.8%

0.7%

-9.9%

-12.1%

-11.8%

-17.0% -12.0% -7.0% -2.0% 3.0%

Yield Availability

Vessel Costs

Technician Costs

Spare Part Costs

OPEX Costs

Revenue losses

Total Costs

Outlook 2050
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Vessel type Annual 

port calls 

Daily port 

calls 

Service 

time [hrs] 

Quay length 

required per 

berth [m] 

Supply vessels 78 0.2 6 120 

FCS (small) 234 0.6 2 60 

FCS (Large) 78 0.2 2 60 

On-demand vessels 414 1.1 2 120 

 

Vessel type Annual 

port calls 

Daily port 

calls 

Service 

time [hrs] 

Quay length 

required per 

berth [m] 

Supply vessels 260 0.7 6 120 

FCS (small) 780 2.1 2 60 

FCS (Large) 260 0.7 2 60 

On-demand vessels 1,380 3.8 2 60 
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