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Abstract

Maintaining the engineering health of Marine Rengi@dnergy Devices (MREDS) is one of the
main limits to their economic viability, becausetbé requirement for costly marine interventions in
challenging conditions. Acoustic Emission (AE) citiath monitoring is routinely and successfully
used for land-based devices, and this paper showsithcan be used underwater. We review the
acoustic signatures expected from operation amdylilailure modes of MREDS, providing a basis for
a generic classification system. This is illustdatégth a Wave Energy Converter tested at Falmouth
Bay (UK), monitored for 2 years. Underwater noieels have been measured between 10 Hz and 32
kHz throughout this time, covering operational amattive periods. Broadband MRED contributions
to ambient noise are generally negligible. Timetfrency analyses are used to detect acoustic
signatures (60 Hz — 5 kHz) of specific operatioaativities, such as the active Power Take Off, and
relate them to engineering and environmental cawdit These first results demonstrate the
feasibility of using underwater Acoustic Emissiaagnonitor the health and performance of MREDs.
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1. Introduction

Marine Renewable Energy Devices (MREDs) are pdakrtiture contributors to the global
energy mix and associated reductions in greenhgaseemissions, as acknowledged in the UK [1]
and through international policies (e.g. [2,3])tdst UK reports show for example that 20% of the
UK'’s current electricity demand could be met udidgl stream devices and Wave Energy Converters
(WECS) [4]. Their contributions to energy produatiare expected to grow annually by 15.2% on
average until 2030 [5]. However, their use is laditby technological obstacles and the high costs
associated with Operation & Maintenance (O&M) atgsg.

Tidal stream devices and WECs have not yet condamenified designs, unlike for example the
three-bladed horizontal-axis turbine design of wiad industry. For WECs alone, 1,000+ patents
have been allocated across North America, Japartarape [6], covering 9 main categories [7] and
making a standardised approach to O&M more probiemsIREDs are expected to work in harsh
oceanic environments, in which extreme weather oeyage or cause the failure of devices [8]
(improving the survivability of devices is anotharea of current development within the WEC
industry). Also, typical weather conditions makerima intervention more difficult or impossible [9]
(WECs are for example located in the areas whege laaves are expected for long periods of time).
This is compounded by the high costs associated @&M, using specialised ships and highly
skilled labour which might not always be readilyadable, potentially increasing any downtime.
MREDs must therefore be reliable, robust and maiath effectively to reduce the likelihood of
unexpected downtime and maintenance. These ecosooaie then translate into more energy
generated over longer periods, at lower costs.
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