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FARWIND energy ship
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Target: 80% capacity
factor thanks to
mobility and weather-
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Range 40% - 50%
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FARWIND project’s vision

§ L .

1. Far-offshore: >
. 73
production f)f renewable 2
fuel from wind energy by

fleets of ships

y [
2. Collection and transport |
of produced fuel by
dedicated tankers ,ﬁ : ; 3.bOn shorc(ej.
) istribution and use
X 5 o

g
gL T

m he

| LH EEA
CENTRALE
NANTES 3




FARWIND project’s vision: Boat Design
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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
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Data

m) 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 (ECMWEF) 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
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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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Optimization using qtVIim software

Standard gtVIim
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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
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Dedicated & modified gtVIm version
New optimization criterion:

Capacity factor; With:

Cr is the capacity factor

T ~ T is the route duration (in hours)
C fO P(t)dt P is the power produced by the
F — energy ship
(T + 6) Prated Pyqteq is the rated power of the
ship
Filing ratio; with. Energy stored:
T ~
T ~ E= | P(t)dt
fo P(t)dt Jo P®
= Reservoir capacity:
174Prated Emax = 174Prated
P(t)

0if F>1
=<{0.25P(TWS,TWA) during maneuver
P(TWS,TWA) otherwise




Floating wind turbines CF using QtVIm
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Average CF for stationary WT (2015, 2016 & 2017)
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Optimization of IMW FARWINDER capacity factor

. Yyear | - [2015] 2016 | 2017
Annual average CF % 81 83 \ 81
Best CF over one route % 95 95 94

Worst CF over one route 0 46 55 60

Yo
| Averagerouteduration  EeCVICMENCENNCINNC

Longest route duration Day (s) 15 11 11
"~ Shortestrouteduration -] IEU NERRE:
NM

Shortest route
distance

Average filling ratio at the end of the
routes

NM 907 1140 1576
%

68 71 69

I " LHEEA @
CENTRALE
NANTES



Optimized route traces for IMW energy ship
(2015, 2016 & 2107)
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Capacity factor at far offshore

Average annual capacity factor for year 2015,
2016 & 2017
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Conclusion

[n

Average CF of year 2015, 2016 & 2017

Energy Ship Stationary wind
turbines
82% 69%

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.

LH EEA
CENTRALE
NANTES

15



References

1.

10. S B Capps and C S Zender 2009 Global ocean wind power sensitivity to surface layer stability Geophysical Research Letters
11.S B Capps and C S Zender 2010 estimated global ocean wind power potential from QUIKSCAT observations, accounting for
12.

13.

[n

C Mone, M Hand, M Bolinger, J Rand, D Heimiller and J Ho 2015 Cost of wind energy review. Technical report NREL/TP-
6A20-66861 May 2017

. A Possner and K Caldeira 2017 Geophysical potential for wind energy over the open oceans. Proceedings of the National

Academy of Sciences of the United States of America 114(43) pp 11338-43

A Babarit, JC Gilloteaux, G Clodic, M Duchet, A Simoneau and M F Platzer 2018 Techno-economic feasibility of fleets of far
offshore hydrogen-producing wind energy converters. International Journal of Hydrogen Energy 43(15) pp 7266-89

H Hagiwara 1989 Weather routing of (sail-assisted) motor vessels PhD Thesis of Delft University of Technology
Kim J and Park C 2010 Wind power generation with a parawing on ships, a proposal Energy, Elsevier 35(3) 1425-32

JC Gilloteaux and A Babarit 2017 Preliminary design of a wind driven vessel dedicated to hydrogen production. 6th
International Conference on Ocean, Offshore and Artic Engineering (OMAE2017) June 2017 Trondheim, Norway

Manual of qtVIm version 5.8.3 downloaded at http://download.meltemus.com/qtvim/gtVim_documentation_en.pdf

L Walther, A Rizvanolli, M Wendebourg and C Jahn 2016 Modeling and optimization algorithms in ship weather routing
International Journal of e-Navigation and Maritime Economy 4 pp 31-45

M F Platzer, Sarigul-Klijn, J Young, M A Ashraf and J C S Lai 2014 Renewable hydrogen production using sailing ships ASME

Journal of Energy Resources Technology 136 / 021203-1

36

turbine characteristics and siting Journal of Geophysical Research 115

Enercon 2013 Enercon e-ship 1: A wind-hybrid commercial cargo ship Presentation at 4th Conference on Ship efficiency
Hamburg, Germany

Det Norske Veritas (DNV) 2010 Recommended practice DNV-RP-C205; Environmental conditions and environmental loads

downloaded at http://www.dnv.com
LH EEA

CENTRALE
NANTES

16



LHEEA
SHAKE THE FUTURE. m CENTRALE %

Thank you
for your attention




