
 

Charting a course for marine energy, and the
country, to decarbonize the grid
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NREL’s Casey Nichols (left) hones his team’s data acquisition system’s software,
which can collect, store, and share field data via the cloud, while Andrew Simms
prepares its hardware, building the beautifully complex box of wiring seen on the
right. Credit: Werner Slocum, NREL

As climate change alters the planet, it is causing massive changes to our
oceans. Because these waters absorb excess heat and energy from our
atmosphere, the ocean has soaked up 90% of the heat generated from
greenhouse-gas emissions. All that heat is causing marine heat waves,
melting sea ice, and sea-level rise, which pose big risks to marine
wildlife, ecosystems, and coastal communities.
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But one form of renewable energy could draw from the ocean's power to
help fight climate change and protect the planet's vulnerable waters.
Marine energy—power generated from ocean waves as well as ocean and
river currents and tides—could be a valuable part of the world's carbon-
free renewable energy portfolio. Yet, marine energy technologies are
still in the early stages of development, in part because there is little data
to guide their progress toward commercial success.

That is why researchers at the National Renewable Energy Laboratory
(NREL) are developing data-gathering tools to help accelerate the
development of these promising technologies.

"Marine energy technologies could be a big help in fighting climate
change," said NREL water power researcher Casey Nichols. "The faster
we can get marine energy technologies up and running, the faster they
could help us power the blue economy, energize isolated communities,
and move us to a renewable energy grid."

Nichols, along with fellow water power researcher Andrew Simms and a
broader NREL team, builds tools that collect high-quality data for
marine energy developers. Called Modular Ocean Data Acquisition (or
MODAQ), these data collection systems can provide information on a
vast variety of marine energy prototypes, including their potential energy
production and performance characteristics (like, for example, how they
move and respond to ocean waves).

With MODAQ, users can assess their prototypes' promise all the way
from the lab bench to the open ocean to quickly hone their designs.

"To have a successful deployment," Nichols said, "you need to collect
the right data in the right way. If you don't, you can lose a ton of money
and a ton of time. It could really hinder your project. We developed
MODAQ to use the highest-quality measurement equipment while
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following industry standards to ensure the data collected is accurate."

MODAQ consists of three distinct products: MODAQ Field, MODAQ
Cloud, and MODAQ Web. Together, these tools offer everything from
in-the-field data acquisition and remote control of ocean bound devices
to data storage and processing. Users can access a clean, easy-to-
understand data summary almost as quickly as the data is collected. And,
because MODAQ is marine-energy-standards compliant, developers can
use the tool to conduct accredited tests—third-party verifications of a
device's performance—which can help boost investor and customer
confidence in the technology.

"MODAQ is like Lego blocks for data acquisition," said Simms, who,
along with fellow technician Mark Murphy, built MODAQ's hardware
(what he calls its "brains"). Simms and the NREL MODAQ team can
tailor each Lego block to meet the specific needs of each prototype.

These custom-built MODAQs are in high demand, too, which is why
Nichols recently found himself on a beach in Hawaii—arguably one of
the best places to collect marine energy data. The state's waves carry the
equivalent of 25 times its energy needs. Harnessing just a portion of that
clean energy could help offset the high costs of shipping crude oil to the
islands.

And one research team at the University of Hawaii is aiming to do just
that. With their custom MODAQ, the researchers are refining a small-
scale version of their wave energy prototype, the Hawaiʻi Wave Surge
Energy Converter (HAWSEC, for short), which could someday power
Hawaii's coastal communities. The team's MODAQ enabled them to
collect reliable data at the lab bench, in wave tank tests at Oregon State
University, and in an open water field test at Hawaii's Makai Research
Pier. "We basically built one hardware system for three device
deployments, which we've never done before," Simms said.
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"We spent a lot of time making MODAQ safe and reliable to use in the
wave tank area and on the beach," Nichols added. "Saltwater
environments are harsh on many materials, so we designed the system to
live through all that."

So far, the Hawaii team's MODAQ data has closely matched models
generated with NREL's Wave Energy Converter Simulator (also known
as WEC-Sim)—a sign that WEC-Sim's theoretical models provide
realistic results. "The simulation and experimental data were very close,
which was exciting to see," Nichols said. That's exciting for the
HAWSEC team, too, which can confidently rely on all that sound data to
build a larger prototype for their next wave tank tests.

For the HAWSEC team and other marine energy developers, MODAQ
systems provide accurate, reliable, and standardized data to assess their
devices' performance so they can avoid building their own data
collection systems from scratch (often at great expense). Because the
MODAQ team is continually improving their system, developers can
start with a solid foundation and simply add components to evaluate the
unique features of their device.

"Marine energy technology developers are basically trying do something
entirely new in one of the harshest environments on earth," Simms said.
"Data is one of the best tools we have to improve the reliability and
reduce the cost of marine energy industry deployments."

In the next couple of years, Nichols, Simms, and the rest of NREL's
MODAQ team are developing MODAQ 2.0, an even more accessible
and cost-effective version of the system. But for now, Nichols is excited
to see more developers use MODAQ 1.0 during device deployments.

"There are so many uses for this technology," Nichols said, "and I'm very
excited to see where it will go."
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