WSS: Future ORE Concepts
Complementarity analysis of a wave wind

farm for offshore hydrogen production.
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Wave wind farm Wave height attenuation

The schematic of a co-located wave-wind farm is  Figure 2a shows the wave surface elevation around the wave farm at a dimensionless time
depicted in Figure 1. The offshore farm consists of a 5 period T* = 10.9 (w = 1.8 rad/s).The transmission coefficient K; ,defined as the ratio of
MW wind turbine mounted on the OC4-DeepCwind  downstream to upstream wave height, is used to evaluate wave attenuation for a single WEC
semi-submersible platform (Robertson et al., 2014). A and a WEC fence of 10 devices. Figure 2b shows that the multi-WEC configuration
total of five single-buoy wave energy converters demonstrates significantly stronger attenuation, reducing K, to approximately 0.4 for
(WECs), each rated at 400 kW [1], are arranged in front  dimensionless wave periods 10 < T* < 15 ,followed by a gradual increase toward K; ~ 1 as T*

of the floating wind turbine to supply power t0 a jncreases. A single WEC provides minimal attenuation, with K, ~ 0.9-1 across 10 < T* < 15.
hydrogen plant rated at 5 MW. The diameter (D) of the  For |ong wave periods (T* = 25), both configurations converge to K ~ 1 ,indicating negligible
WECs is 9 meters, and the lateral spacing between  attenuation. Overall, WEC arrays are substantially more effective than individual devices at
devices is 3D. The back row of WECs is positioned 10D reducing downstream wave energy, particularly or intermediate wave periods (10 < T* < 15).

upstream of the front pontoon of the platform. Further Total free-surface (inc + diff + radiation) b)
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Figure 2 — a) Surface wave elevation around a WEC fence consisting of two rows;
b) Transmission coefficient (K;) for a single WEC and for 10 WECs distributed in two rows.

Wind turbine (WT) controller effort

Figure 3 shows the standard deviation of the aerodynamic (orange markers) and electrical
power (blue markers) of the wind turbine at different dimensionless wave periods (T*). We find
that 10 WECs reduce variability in turbine aerodynamic power through wave attenuation over
the range of 10 < T* < 15. However, electrical power variability remains low across all cases
(10 < T* < 35) due to effective turbine control (blue markers).

Hydrogen production This indicates that power quality is governed .. std deviation vs Dimensionless period (Kt labeled)

® Std dev (Electrical) —

by the control system rather than wave % Std dev (Aero) . g
conditions. Wave attenuation does not directly 2000
improve electrical power quality for hydrogen
electrolysers. Nevertheless, the reduction in
aerodynamic variability implies a lower control
effort, as less pitch activity is required to
maintain a stable power output. Three regions

Figure 1- Wind-wave farm array layout with a
WEC fence facing the dominant wave direction.

The power output of the 5 MW wind turbine, the five
wave energy converters (WECs) rated at 400 kW
each, and their combined output are shown in Figure
4a using two months of hourly data (January-February
2024). Wind power is shown in black, wave power in
red, and the combined output in blue. The results
highlight the complementary nature of these resources
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regions highlight periods when both wind and wave

_ _ _ _ of control effort are identified in the figure, LLLN B e : .

IN S\{v_ell-domln.ajted regions, _where wind and. wave corresponding to low, medium, and high effort, . . L | | ngheﬁon
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Figure 4a indicate periods when wind power drops Figure 3 — Standard deviation of aerodynamic
below a specified power threshold, while wave power _ and electrical power of WT at different T
(green regions) remains above the threshold, which is _ Power production
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resources are available simultaneously, increasing the
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flat regions during periods of absent wind power. In
contrast, the combined system (blue) eliminates these
gaps and increases the overall rate of production.
Notably, although wave energy has less than half the
installed capacity of wind (2 MW vs. 5§ MW), its

[}
o

o
o)

1 —— Wind only
m—— \Nave + Wind
.01 Additional Hz from waves

S

Hydrogen production
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contribution increases hydrogen production by 50% by o 200 00 o e 1000 1200 1400

the end of the two-month period, due to both gap-filling Figure 4 — a) Power time series of wind, wave, and wind + wave and

and periods of simultaneous resource availability. b) Cumulative hydrogen production from wind only and wind + wave combined.
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