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Executive Summary

Oceanographic measurement buoys are power constrained by the capacity of their batteries
and limited area or resource for solar power. Many buoys are in locations with abundant wave
energy, but wave energy converters are not being used to power them. One reason wave
energy converters have not been developed for wave measurement buoys is because many
buoys measure waves by precisely following the wave motion. Wave energy converters may
inhibit this wave-following ability by altering a buoy’s response to incoming waves. In this report,
we present the results of field tests that measured the extent to which buoy motion was
changed by modifications to the buoy for wave energy harvesting. The motion of the buoy was
significantly modified by the addition of the hardware components necessary for harvesting
wave energy. The ratio of the wave energy converter’s mass to the buoy’s mass was high for
the system tested, which strongly affected buoy motion. A lower ratio would decrease the effect
of the wave energy converter on the motion of the buoy, thereby decreasing the impact on the
buoy’s ability to measure waves, but a lower ratio would also decrease the wave energy
converter’s ability to produce power. A low ratio can be achieved by using a large buoy and a
small wave energy converter. Buoy size constrains the wave measurement to only waves large
enough to alter the buoy motion. Therefore, the use of wave energy converters to power wave
measurement buoys may be feasible for large buoys that measure low-frequency waves if the
affects of the wave energy converter motion have been accounted for in wave parameter
calculations.
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Acronyms and Abbreviations

CDIP
DoF
FFT
GPS
IMU
IRM
NDBC
PG
rPi
WEC
WITT

Coastal Data Information Program
degree of freedom

fast Fourier transform

global positioning system

inertial measurement unit

internal reaction mass

National Data Buoy Center
Pacific Gyre

Raspberry Pi

wave energy converter

Whatever Input to Torsion Transfer
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1.0 Introduction

Hundreds of moored and drifting buoys measure waves for assimilation to weather forecast
models, oceanographic studies, and monitoring for coastal communities. The buoys are
operated by government organizations such as the National Data Buoy Center (NDBC) and the
Coastal Data Information Program (CDIP), university laboratories, and indigenous communities
such as the Backyard Buoys project (www.pacioos.hawaii.edu/projects/backyard-buoys/). Buoy
sizes range from handheld Spotter buoys (www.sofarocean.com) to 12 m wide NDBC buoys,
and all are dependent on battery storage or solar panels. The quantity of measurements that
buoys are able to make and the length of time that they can operate are constrained by the
power capacity of the solar panels and batteries. Electricity generated by wave energy
converters (WECs) on the buoys could be used to recharge batteries, increase the frequency of
measurements, and extend the lifetime of the buoys (Cavagnaro et al. 2020).

A subset of wave energy converter technologies can be described as internal reaction mass
(IRM) technologies, where mechanical energy is harvested from the waves by a moving mass
in the WEC structure. These technologies can be divided into device categories of a sliding
mass, pendulum, or gyroscope (Kenny and McNally 2022). A sliding mass device has a mass
that translates linearly; a pendulum device has a mass that rotates irregularly around an axis;
and a gyroscope device has a mass that spins continuously. Here, we describe a test where a
pendulum device is added to a buoy to create a WEC that converts the mechanical energy
harvested from waves into electrical power. The motion of the buoy is monitored and compared
to the motion of a second buoy with a comparable mass but no moving WEC parts. The
movement of the two buoys is analyzed to determine if the buoys can be used to accurately
measure waves.

Buoy size fundamentally determines the size (i.e., wavelength) of the waves that a
wave-following buoy can measure. This limitation is based on whether or not the buoy’s
frequency response (i.e., amplitude of motion as a function of excitation frequency) overlaps
with the wave motion it experiences. If the waves are significantly smaller than the buoy, the
buoy will tend not to respond to the wave motion and therefore can’t measure that size of the
wave. Smaller spherical buoys have higher natural frequencies than larger ones. For example,
the Sofar Spotter has a natural frequency of 1.2 Hz, so the maximum wave frequency it records
is slightly lower at 1 Hz (Raghukumar et al. 2019). Larger buoys like NDBC buoys (3, 10, or 12
m diameter) are configured to record waves with wave periods longer than 3 s (14 m
wavelength), but smaller buoys like the Datawell WaveRider 3 (0.7 or 0.9 m diameter, used in
the modern CDIP) or Sofar Spotter v2 (0.42 0.31 m) buoys measure waves with wave
periods as small as 1.6 and 1 s (1.5 m wavelength), respectively (Cotter and McVey 2021).
Buoy size affects the accuracy of the measured wave height; the accuracy of the wave heights
measured by Sofar Spotter wave buoys is an order of magnitude higher than that measured by
NDBC buoys (0.02 and 0.2 m, respectively). The nonspherical shape and wave instrument
configurations of NDBC buoys require the significant use of transfer functions to retain
high-quality bulk and directional wave estimates, which are tuned to deployment locations and
wave states (Teng 2002). Because they’re derived empirically, the use of transfer functions will
increase the uncertainty of wave measurements that rely on them. If the mass of the moving
parts in the WEC is significant in comparison to the mass of the buoy, the momentum of the
moving WEC parts is likely to change how the buoy moves in response to the forcing from the
waves, therefore reducing its measurement accuracy. This report describes a test designed to
measure the change in motion of an industry-relevant ocean sensor buoy when components
enabling wave energy harvesting are added to it.
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7R WHVW WKH K\SRWKHVLVY WKDW WKH LQWHJUDWLRQ RI D :(& ZLWK D
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