Analysis of renewable energy points toward
more affordable carbon-free electricity
6 August 2020
Energy storage is needed with renewable energy
because wind and solar energy are not as reliably
available as fossil fuels. For example, wind power
is often at its lowest during the summer in the
United States, which is when the electrical grid is
strained the most by the demand for air
conditioning in homes and businesses.

It is the first time that data has been used at a national
scale to judge how the beauty of the environment
impacts onshore windfarm development. Credit: CC0
Public Domain

As more states in the U.S. push for increased
reliance on variable renewable energy in the form
of wind or solar power, long-term energy storage
may play an important role in assuring reliability
and reducing electricity costs, according to a new
paper published by Caltech researchers.

"This research is motivated by the fact that laws in
several states have mandated 100 percent carbonfree electricity systems by midcentury," says
Dowling, lead author of a paper about the work.
"Within these mandates, a lot of states include
requirements for wind and solar power. Both wind
and solar are variable from day to day, or even year
to year, yet high reliability is mandatory for a viable
electricity system. Energy storage can fill in for the
gaps between supply and demand."
Dowling looked at short-duration storage systems,
such as lithium-ion batteries, and long-duration
storage methods, such as hydrogen storage,
compressed-air storage, and pumped-storage
hydroelectricity.

To see how to optimize the use of those storage
technologies at the lowest energy cost, Dowling
built a mathematical simulation of each and
incorporated historical electricity-demand data and
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electricity-generation equipment for much of the
year.

Role of Long-Duration Energy Storage in Variable
Renewable Electricity Systems, Joule (2020). DOI:
10.1016/j.joule.2020.07.007

Currently available battery technology is not even
close to being cost effective for seasonal storage,
Dowling says.
Provided by California Institute of Technology
"The huge dip in wind power in the summer in the
U.S. is problematic, and batteries are not suitable
for filling that gap. So, if you only have batteries,
you have to overbuild wind or solar capacity," she
says. "Long-duration storage helps avoid the need
to overbuild power generation infrastructure and
provides electricity when people need it rather than
only when nature provides it. At current technology
costs, storage in underground caverns of green
hydrogen generated by water electrolysis would
provide a cost-effective approach for long-duration
grid storage."
Other researchers have built renewable energy
models, but the team's data-driven approach is the
first to incorporate four decades of historical wind
and solar variability data, thus factoring in variability
from year to year and periodic episodes of rare
weather events that affect power generation, such
as wind and solar droughts.
"The more years of data we use in our models, the
more we find a compelling need for long-term
storage to get the reliability that we expect from an
electricity system," she says.
Dowling suggests her findings may be helpful to
policy makers in states with 100 percent carbonfree electricity laws and high wind/solar mandates
and to other U.S. states considering the adoption of
similar laws. In the future, she plans to extend her
research to take an in-depth look at the roles that
specific types of energy storage, such as hydrogen
or redox flow batteries, can play in renewable
energy systems. For instance, some types of
batteries might effectively serve as mediumduration energy storage, she says.
The paper, titled "Role of long-duration energy
storage in variable renewable electricity systems,"
appears in the September issue of Joule.
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