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Smarter Wave Energy Starts With SEA-Stack

The National Laboratory of the Rockies brings marine energy to life, guiding ideas from concept through simulation and real-world testing.
At the center of this work is SEA-Stack, an open-source, multi-fidelity simulation framework that connects modeling, controls, and
experimentation in a unified environment. By enabling developers to move between lower- and higher-fidelity simulations, SEA-Stack
helps teams better understand device performance and system behavior before deployment.

Wave energy has the potential to provide a consistent, reliable source of power, and SEA-Stack helps innovators design devices that can
survive the ocean’s harsh and unpredictable conditions—reducing risk, accelerating iteration, and supporting progress toward commercialization.

Concept Design Controls & High-fidelity Structural
exploration optimization system integration modeling analysis

Develops early-stage Refines device geometry Integrates controls Advances simulation Evaluates how devices
models to understand and system parameters with system behavior realism to predict full- physically respond
wave environments, to maximize energy through real-time system performance to ocean forces and
device behavior, and capture and simulation before under real-world long-term loading.
system interactions. performance. deployment. conditions.




From Simulation to Sea with Surf-WEC
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SEA-Stack simulations
model wave-structure
interactions and system

performance for
concepts like the Surf-
WEC (Small Underwater
Research Flap Wave
Energy Converter),
helping developers

Hardware-in-the-
Loop Testing

Hardware-in-the-loop
testing integrates
physical components
with real-time models of
systems like Surf-WEC
to validate controls and
overall system response
before open-water
deployment.

Open-Water
Deployment

The Surf-WEC
deployment in Hawai'i
demonstrates a
submerged wave energy
device operating in

real ocean conditions,
converting wave motion
into electricity and
validating performance

explore design options,
reduce risk, and guide
early-stage decisions.

SEA-Stack enables a connected development pathway from simulation

to validation to deployment. It brings together fast, low-fidelity models and
high-fidelity physics-based tools so developers can explore concepts and
understand system behavior early in the design process. Those models can
then inform hardware-in-the-loop testing, where components are integrated
with real-time simulations to validate controls and performance under
realistic conditions. Together, this progression reduces technical risk and
strengthens confidence before moving to open-water deployment, where
devices are tested in the complex ocean environment.

outside the lab.

Learn More and Access Data
Visit GitHub to learn more about SEA-Stack

https://github.com/ Project-SEA-Stack
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