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Introduction 
D4.5 consists of the paper "Wave-to-wire modelling of arrays of wave energy converters with 
hydraulic power-take off" which is planned for publication in IEEE Transactions on Sustainable 
Energy. Expected publication date is by the end of 2014. 
 
 
Abstract from the draft paper: 
Ocean waves provide a significant natural resource to many countries seeking to develop or 
diversify their renewable energy generating capacity.  The best wave resources are usually remote 
from the electricity demand centres and existing full-scale prototype wave energy converters have 
been connected to the usually passive rural distribution network.  With the planned move to arrays 
and farms of larger electrical capacity, power flow in the, then active, network will become bi-
directional and determined largely by non-firm generation that will not be centrally dispatched.  The 
distribution network operators may be expected to accommodate the new generation but their 
supply-quality obligations to demand customers remain firm.  This can constrain the connectable 
new capacity of wave generation, or production from existing plants.  Incident seas and any 
hydrodynamic interaction between devices in an array will determine their individual and collective 
response and the aggregate production pattern entering the network.  The resulting power flow, 
including the effects of demand pattern, will determine the network response and the need for any 
constraint on devices in the array.  Network events, whether planned or arising from increasingly 
stormy weather, will also impact the response and will modify the behaviour of devices within the 
array.  It is essential to be able to predict the time response and production behaviour of arrays of 
wave energy converters connecting to constrained rural networks and explore both the effects of the 
array on the network and the effects of network events on devices within the array.  The work 
reported describes a bi-directional, real-time, wave-to-wire model that can simulate the 
hydrodynamic, mechanical and electrical response of arrays of any geometry or collector form in 
complex mixed seas.  State-space modelling of the radiation interactions enables the accurate 
prediction of response in time steps short enough to include control system effects and system 
dynamics.  Network power flow analysis and bi-directional solution identifies the hydro-mechanical 
effects of electrical contingencies on individual devices within the array.  Device-device interaction 
is fully embodied across the array.  The results illustrate, for the first time, the effects of wave 
climate and demand on time-series of network power flow, including exploration of the effects of 
constraint and control strategies to maximise production and finally they demonstrate the likely 
effects of a network fault on array behaviour. 


