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Motivation
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Methodology Overview
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THE GORY DETAILS

• Dynamics simulated by solving time-domain equation of 
motion (Cummins, 1962)

• Use radiation and diffraction method and calculate the 
hydrodynamic forces from frequency-domain Boundary Element  
Method (WAMIT) 

WEC-Sim Device Simulation

WEC-Sim Github page: https://github.com/WEC-Sim

Yu, Yi-Hsiang; Nathan Tom; Dale Jenne, 2018, “Numerical 
analysis on hydraulic power take-off for wave energy 
converter and power smoothing methods” Proceedings 
of the 37th international conference on Ocean, Offshore, 
and Arctic Engineering (OMAE) 2018, June 17-22, Madrid, 
Spain.

THE BASICS
WEC-Sim simulations

RM3 two-body floating point absorber
(6 Wave Energy Prize sea states)

Energy Storage 
Estimate the required battery size 

and cost

Grid Impact Analysis
Carried out using PLEXOS

https://github.com/WEC-Sim
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Battery Size and Cost 

• The power capacity or energy capacity were 
calculated based on the power output from the 
WEC-Sim simulation, assuming the power output 
from the battery was controlled based on the 10-
minute-averaged input power. 

• We evaluated the battery storage needed and 
estimate its cost using the information from this 
EIA report. 

• The cost of the battery was calculated for both 
power capacity and energy capacity scenarios 
for the WEC.
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Or 

Battery Size and Cost 

An example of the the time history for the power output and energy 
variation from the WEC-Sim simulation, which can be useful for 
analyzing the energy storage and grid system.

• Six Wave Energy Prize sea 
states were used in WEC-
Sim simulations.

• Adjusted weighting 
function is given based on 
the wave environment for 
Newport, Oregon (Bull et 
al., OMAE2017).
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Battery Size and Cost 

• The figures on the left shows the overall power quality before charging to the battery. 
• The figures on the right shows the overall power quality after discharging from the battery. 
• Assuming no energy losses for battery storage 
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Battery Size and Cost 
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PLEXOS simulation

• The load used was a down-scaled version of actual 
2012 data for an island.

• A small island system with a peak of 5 MW and 
three diesel generators. 

• The case study also includes
➢ Heat rate changes that affect the generator 

efficiency, 
➢ Start costs and minimum downtime, and 

start time for the diesel generator.

➢ This is a highly simplified version of a grid that 
allows for some insight into how WEC-generated 
power could contribute to a small island electricity 
system. 
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PLEXOS simulation

• Sampled each minute for a day based on 
the simulation results from WEC-Sim for a 
design-operational wave condition

• Violation of the diesel generator flexibility 
constraints -> Curtailment of the wave 
generation 

• Three units were created from each 
single-WEC unit case (with 4 s offset). 

• Little curtailment needed in 3% 
penetration cases 

3% penetration 9% penetration
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PLEXOS simulation
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• Evaluated the potential battery storage size 
and cost for WEC (driven by the peak power)

• Performed a preliminary grid integration 
analysis using PLEXOS

• Required some kind of energy storage and 
power smoothing

• Future work includes 

• Cost estimation of undersea cables and 
subsea stations, control strategies, and 
the potential and cost of using other 
energy storage technologies.

• Detailed analysis on the impact to the 
grid system and larger wave energy 
penetration cases

Summary

?
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