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Comparison of the capacity factor 
of stationary wind turbines & 

weather-routed energy ships in the  
far-offshore 

 



Significance & Motivation 

FARWIND energy ship Offshore wind 
turbines 

Far-offshore Land-based or 
nearshore 

On-board energy 
storage 

Grid-connected 

Mobile Bottom-fixed or 
stationary 

Target: 80% capacity 
factor thanks to 
mobility and weather-
routing 

Range 40% - 50% 

Repair at docks  
low maintenance costs 

Maintenance at site  
high maintenace costs 

No grid connection 
No moorings / 
foundations 
No installation 
operations  
 Low CAPEX 

Grid-connection 
Moorings/foundations 
Intallation operations 
 High CAPEX 

Target: 0 conflicts of 
uses: far-offshore 
ocean is a desert 

Multiple conflicts of 
uses 
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FARWIND project’s vision 
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FARWIND project’s vision: Boat Design 

EERA DeepWind'2019 (16 – 18 January 2019) – Roshamida ABD JAMIL 

Wind 

Ship speed 

Lift 

Water turbine 

drag Hull drag 

Anti-drift 

force 

Energy tanks 

Water 
turbine Wind 

Electricity 
Energy  

converter 

Water turbine 

loss 
Water drag 

Stocked energy 

Conversion loss 

Kinetic 
energy Wind 

Propulsion 
system 

Hull 

80m 

27m 

4m 

Credit: Gael  CLODIC 
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Study objectives 

1. Investigate how high the capacity factor can be,  

with optimized routings, depending on the energy  

ship sailing capabilities and deployment area.  

 

2. Compare this CF to that of hypothetical  

stationary floating wind turbines 



Data 

1. WIND SPEED DATA 

• 10m wind speed data for years 2015, 2016 and 2017 

• ERA-Interim dataset by European Centre for Medium-Range 

Weather Forecasts (ECMWF) reanalysis.  

 

2. OFFSHORE WIND TURBINE POWER CURVE 

3. BOAT SPEED & POWER POLAR 
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Data 

1. WIND SPEED DATA 

2. OFFSHORE STATIONARY WIND TURBINE POWER 
CURVE 

 

 

 

 

 

 

 

 

3. BOAT SPEED & POWER POLAR 
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Nominal speed: 11.4 m/s 

Cut-in speed:  

4 m/s 
Cut-out speed:  

25 m/s 

5MW horizontal axis 

wind turbine 
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Data 

1. WIND SPEED DATA 

2. OFFSHORE WIND TURBINE POWER CURVE 

3. 1MW BOAT SPEED & POWER PRODUCTION POLAR 
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Velocity plot Power production plot 
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Optimization using qtVlm software 
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Standard qtVlm 

 

 

 

 

• Uses isochrones method 

to find an optimal route.  

 

• Then further improve the 

travel duration by 

optimizing the location of 

the nodes of the optimal 

route using the simplex 

method 

𝐶𝐹 =
 𝑃 𝑡 𝑑𝑡
𝑇

0

𝑇 + 6 𝑃𝑟𝑎𝑡𝑒𝑑
 

Dedicated & modified qtVlm version 
New optimization criterion: 

 

Capacity factor; 

 

 

 

 

 

Filing ratio; 

𝐹 =
 𝑃 𝑡 𝑑𝑡
𝑇

0

174𝑃𝑟𝑎𝑡𝑒𝑑
 

With: 
𝐶𝐹 is the capacity factor 
𝑇 is the route duration (in hours) 
𝑃  is the power produced by the 
energy ship 
𝑃𝑟𝑎𝑡𝑒𝑑 is the rated power of the 
ship 

With: 
 
 
 
 

Energy stored: 

E =  𝑃 𝑡 𝑑𝑡
𝑇

0
 

Reservoir capacity: 
Emax = 174𝑃𝑟𝑎𝑡𝑒𝑑 

𝑃 𝑡

=  

0 𝑖𝑓 𝐹 ≥ 1

0.25𝑃 𝑇𝑊𝑆, 𝑇𝑊𝐴  during maneuver

𝑃 𝑇𝑊𝑆, 𝑇𝑊𝐴  otherwise

 

A B  
Travel duration  
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Floating wind turbines CF using QtVlm 
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WT12 WT10 WT11 

WT06 WT04 WT05 

WT17 

WT15 

WT03 WT01 WT02 WT16 

WT09 WT07 WT08 

WT13 WT14 

WT 

POI 
Latitude (N) 

Longitude 

(W) 

1 46,000000 ° -31,000000 ° 

2 46,000000 ° -21,500000 ° 

3 46,000000 ° -40,500000 ° 

4 52,000000 ° -31,000000 ° 

5 52,000000 ° -21,500000 ° 

6 52,000000 ° -40,500000 ° 

7 40,000000 ° -31,000000 ° 

8 40,000000 ° -21,500000 ° 

9 40,000000 ° -40,500000 ° 

10 58,000000 ° -31,000000 ° 

11 58,000000 ° -12,000000 ° 

12 58,000000 ° -50,000000 ° 

13 34,000000 ° -31,000000 ° 

14 34,000000 ° -12,000000 ° 

15 34,000000 ° -50,000000 ° 

16 46,000000 ° -12,000000 ° 

17 46,000000 ° -50,000000 ° 
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Average CF for stationary WT (2015, 2016 & 2017) 
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WT 12 

72%

WT 01 

77%

WT 02 

73%

WT 16 

64%

WT 03 

79%

WT 17 

73%

WT 06 

80%
WT 04 

80%

WT 05 

79%

WT 11 

78%

WT 10 

78%

WT 09 

69%

WT 07 

63%
WT 08 

55%

WT 15 

55%

WT 13 

46%
WT 14 

59%

40° 

60° 

11 

45° 



Optimization of 1MW FARWINDER capacity factor  
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Year - 2015 2016 2017 

Annual average CF % 81 83 81 

Best CF over one route % 95 95 94 

Worst CF over one route % 46 55 60 

Average route duration Day (s) 6 6 6 

Longest route duration Day (s) 15 11 11 

Shortest route duration Day (s) 1 2 2 

Longest route distance NM 7480 6073 5730 

Shortest route 

distance 
NM 907 1140 1576 

Average filling ratio at the end of the 

routes 
% 68 71 69 
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Optimized route traces for 1MW energy ship 

(2015, 2016 & 2107) 
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Capacity factor at far offshore  

Mean CF for WT: 0,69 
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Conclusion 

 

 

 

 

 

 

• Moving further offshore increase significantly the CF of stationary 
WT 

• With the same resource and over the same geographical area, a 
mobile device, such as a wind energy ship, may increase even 
more the CF. 

• Capacity factor of energy ships needs to be refined includes 
sensitivity studies as function of the storage capacity aboard the 
energy ships and the rated power 

• taking into account the effect of sea conditions on energy ships’ 
performance. 
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Average CF of year 2015, 2016 & 2017 

Energy Ship Stationary wind 
turbines 

82% 69% 
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Thank you  
for your attention 


