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The key is to store energy produced when renewable generation capacity is high, so we can use it later when
we need it. With the world"s renewable energy capacity reaching record levels, four storage technologies are
fundamental to smoothing out peaks and dips in energy demand without resorting to fossil fuels.

This paper presents a comprehensive review of the most popular energy storage systems including electrical
energy storage systems, electrochemical energy storage systems, mechanical energy storage systems, thermal
energy storage systems, and chemical energy storage systems.

Leveraging technology for a sustainable future and choosing the most efficient energy storage plays a crucial
role in shaping the energy landscape. This article focuses on these systems, offering a comprehensive list and
discussion of their attributes, advantages, and real-world applications.

Rarely has such a crucial enterprise for the future of human civilization led to such little commercial
success.Long-duration energy storage holds great potential for a world in which wind and solar power
dominate new power plant additions and gradually overtake other sources of electricity. Wind and solar only
produce at certain times, so they need a complementary technology to help fill the gaps. And the lithium-ion
batteries that supply 99 percent of new storage capacity today get very expensive if you try to stretch them out
over manyhours.

The problem is, no clear winner has emerged to play that long-duration role. Here at Greentech Media,
we& rsquo;ve spent years covering the contenders, which range from quixotic defiers of the laws of physicsto
understated, scientifically minded strivers. The makeup of this roster has fluctuated to the rhythm of
bankruptcies and new investments.

Plenty of options technically &ldquo;work.&rdquo; The question is, do they work withan acceptable price
point and development cycle, and can the businesses providing them stay afloat long enough to actually prove
that? That last step has been hard for companies to fulfill, insofar asin previous years there were practically no
placesto actually sell this stuff.

That&rsquo;s finally starting to change, thanks to two connected trends. First, wind and solar are now
competing very effectively for capacity additions in the U.S. and other developed countries. The proliferation
of these resources creates its own push for long-duration storage in places with high concentrations of wind
and solar farms. A particularly appealing early market is in remote or idand grids, where
renewables-plus-storage already outcompete imported diesel fuel on price.

Second, spurred by this success, many utility companies, states and nations are upping theirtargets for clean
energy. Once a jurisdiction officially commits to 100 percent carbon-free power, it has to start thinking in

Page 1/2



Most efficient energy storage systems

SOLAR ¢ro.

earnest about how to replace the gas plants that currently provide the flexible counterpart to
renewables& rsquo; ups and downs. These policies typically give prime billing to the clean energy sources,but
they just as well could be considered market-creation tools for the long-duration storage asset class.

In light of these developments, we'"ve rounded up the surviving long-duration contenders in one convenient
place, in no particular order. Criteria for selection include: plausible technology; recent investment; market
traction (graded on a generouslong-duration curve); and, for companies, not being bankrupt. Bookmark this
page and come back in a decade to see how we did.

Midcentury modern design is hot again, so why not midcentury storage technology?T hisgravity-based concept
physicaly moves water from a low to a high reservoir, from which the water descends, when needed, to
generate electricity. This dates from way before lithium-ion& rsquo;s heydayand still provides some 95 percent
of U.S. grid storage, according to the U.S. Department of Energy.

Once built, these systems boast a very low cost of storage, and they hold truly massive amounts of energy
compared to even the world&rsquo;s biggest battery. The problem is thatit&rsquo;s extremely difficult to
build new pumped-hydro storage plants, due to the permitting implications of large water-based
infrastructureand recent difficulty in executingmassive construction projectsin general.

The new school of pumped hydro focuses on isolated reservoirs that don& rsquo;t disrupt river ecosystems;
this simplifies permitting, but projectsstill face a decade-long development timeline and billion-dollar price
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