pos
t"a'-::.,&.- SOLAR rro.

ENERGY STORAGE 80 HOURS

Should energy storage be more than 4 hours of capacity? However, there
is growing interest in the deployment of energy storage with greater than 4

hours of capacity, which has been identified as potentially playing an
important role in helping integrate larger amounts of renewable energy
and achieving heavily decarbonized grids.1,2,3

How long do energy storage systems last? The length of energy storage
technologies is divided into two categories: LDES systems can discharge
power for many hours to days or even longer,while short-duration storage

systems usually remove for a few minutes to a few hours. It is impossible
to exaggerate the significance of LDES in reaching net zero.

What is energy storage? Energy storage involves converting energy from
forms that are difficult to store to more conveniently or economically

storable forms. Some technologies provide short-term energy storage,
while others can endure for much longer. Bulk energy storage is currently
dominated by hydroelectric dams, both conventional as well as pumped.

How many GW of energy storage are there in 2022? By the end of 2022
about 9 GWof energy storage had been added to the U.S. grid since
2010,adding to the roughly 23 GW of pumped storage hydropower (PSH)
installed before that. Of the new storage capacity,more than 90% has a

duration of 4 hours or less,and in the last few years,Li-ion batteries have
provided about 99% of new capacity.

How effective is energy storage? The effectiveness of an energy storage
facility is determined by how quickly it can react to changes in demand,
the rate of energy lost in the storage process, its overall energy storage
capacity, and how quickly it can be recharged. Energy storage is not new.
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Can 4 hour storage meet peak demand? The ability of 4-hour storage to
meet peak demand during the summeris further enhanced with greater
deployments of solar energy. However,the addition of solar,plus changing
weather and electrification of building heating,may lead to a shift to net
winter demand peaks,which are often longer than can be effectively
served by 4-hour storage.

Potential Energy Storage Energy can be stored as potential energy

9.81????????/??? ??? . 2. is gravitational acceleration Lifting the mass
requires an input of work equal to (at least) the energy increase of the
mass

Over the last year, we have seen an increasing number of solar PV design
projects that integrate energy storage systems (ESS). Industry forecasts
show this trend continuing???speeding up even more, in fact. Whether
residential, commercial or utility-scale, the solar industry is quickly
becoming the solar-plus-storage industry. In this, and future, blog ???

For energy storage, the capital cost should also include battery
management systems, inverters and installation. The net capital cost of
Li-ion batteries is still higher than $400 kWh ???1 storage. The real cost of
energy storage is the LCC, which is the amount of electricity stored and
dispatched divided by the total capital and operation cost

Long-duration energy storage (LDES), often defined as storage for four
hours or longer, will be essential as the world strives to meet ambitious net
zero targets. The transition to renewable energy sources such as wind
and solar, which are intermittent by nature, necessitates reliable energy
storage to ensure a consistent and stable supply of
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A technology called energy storage can store renewable electricity during
the day and discharge it when needed, for instance, during a late-night
dishwasher run. Most energy storage technologies can perform
continuously for four to six hours. But to support 80% renewables, energy
storage must last longer: between 12 and 120 hours.

The country's energy storage sector connected 95% more storage to the
grid in terms of power capacity in 2023 than the 4GW ACP reported as
having been brought online in 2022 in its previous Annual Market Report..
In more precise terms, and with megawatt-hour numbers included, there
were 7,881MW of new storage installations and 20,609MWh of new ???

Energy storage systems (ESS) serve an important role in reducing the gap
between the generation and utilization of energy, which benefits not only
the power grid but also individual consumers. Life cycle (80 % discharge)
500???1000: 250???350: 1000???2000: 200???300: 5007??1000: 1000:
Charging time <1 h: 8???16 h <1 h: 2???4 h: 2???4 h: 1 h

While lithium-ion batteries can store energy for hours and distribute it
throughout the day, a 100% renewable grid will need larger storage
systems to tackle the day-to-day or seasonal variability

While short-duration energy storage (SDES) systems can discharge
energy for up to 10 hours, long-duration energy storage (LDES) systems
are capable of discharging energy for 10 hours or longer at their rated
power output. Both are needed to balance renewable resources and
usage requirements hourly, weekly, or during peak demand seasons and

The energy storage capacity is over hundreds of megawatt-hours per

I shaft, and its RTE is high (75???80%). The piston is made of reinforced
rock and concrete for minimising cost. GravityLineTM storage system
consists of modular 5 MW tracks, and are scalable from 5 MW to 1 GW of
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power, megawatt-hours to gigawatt-hours of energy storage, and
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i 1 Energy storage is well positioned to help support this need, providing a
!I il reliable and flexible form of electricity supply that can underpin the energy
F':j 4 transformation of the future. Storage is unique among electricity types in
t,;:.j = that it can act as a form of both supply and demand, drawing energy from
== the grid during off-peak hours when demand is

The bidding volume of energy storage systems (including energy storage
batteries and battery systems) was 33.8GWh, and the average bid price of
two-hour energy storage systems (excluding users) was ?1.33/Wh, which
was 14% lower than the average price level of last year and 25% lower
than that of January this year.

Energy storage systems designed for microgrids have emerged as a
P 7 practical and extensively discussed topic in the energy sector. These
‘\) "ﬁ : systems play a critical role in supporting the sustainable operation of
microgrids by addressing the intermittency challenges associated with
renewable energy sources [1,2,3,4].Their capacity to store excess energy
during periods ???

California is leading the way in the US in terms of energy storage
deployment and already has over 10GW of storage capacity connected to
the California Independent System Operator (CAISO) grid, as reported by
Energy.Storage-News in April earlier this year. (for example, a
50MW/100-hour must have a similar cost to a 50MW/80-hour facility
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provide 10 hours or longer of energy storage within the coming decade.

— Through SI 2030, the U.S. Department of Energy (DOE) is aiming to
u N understand, analyze, and enable the innovations with the potential to
v reach 80% [3] with the various innovative processes being studied;
S— however, many of these processes are still considered to be
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The rapid scaling up of energy storage systems will be critical to address
the hour???to???hour variability of wind and solar PV electricity
generation on the grid, especially as their share of generation increases
rapidly in the Net Zero Scenario. (EV) typically maintain up to 80% of their
total usable capacity. With EV numbers increasing

Batteries & Energy Storage Ahmed F. Ghoniem March 9, 2020 ???
Storage technologies, for mobile and stationary applications .. 64-80%
Hours 180,000-18x10. 6 ; 100-1000 60-70% Hours ; 1,800 ??? 180,000
0.1 ??? 10 ~75% Hours : 1 ??? 18,000 1-10 ~90% Minutes : Not inclusive
and other options are available

More longer duration energy storage will be needed to firm this growing
renewable capacity; thus, states are shifting their attention to policies that
support LDES development. The New York storage roadmap notes that
more than 4 GW of 8-hour storage will be needed by 2035, and 6.8 GW by
2050, and directs NYSERDA to aim for each bulk storage

Energy storage will play an increasingly important role in California’s
transitioning energy system. Specifically, long-duration storage (storage
with a duration of eight or more hours) will the lithium-ion cost for 80
percent efficient 100-hour storage. As the energy transition matures in the
2045 timeframe, 100-hour storage is projected

energy storage LCOS competitiveness by duration for selected
technologies (USD/MWh) Findings LDES likely cost-competitive for
durations >6-8 hours Design discharge duration, hours 4 6 10 18 80 8 12
14 16 20 22 24 60 100 120 140 160 180 200 220 240 Li-ion: lower power
capex but energy capex

In addition, second-life lithium-ion batteries with 80 % of remaining
capacity could potentially elevate the present economic value of ESS
within its service lifetime. Previous article in issue; Next article in issue; it
would be beneficial to store the excess generation to the energy storage
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for peak hour usage during the period of day.
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J— Long-Duration Energy Storage. DOE-OE Peer Review . October 25, 2023.
s P. Denholm. NREL | 2 ??? Four hour storage captures most of the value

| in locations with a four-hour capacity rule 0 50 80% 100% 02 4 6 8 10
ELCC (Fraction of Capacity Value Obtained) Storage Duration (Hours)
PJM 2024 Idaho Power 0 20 40 60 80 100 120 140 160 180 200 0

2 AEMO defines shallow storage as grid connected storage that can

I [ hours, and deep storage providing more than 12 hours of energy supply.
AEMO, Draft 2024 Integrated System Plan, p.62. Available at
draft-2024-isp.pdf (aemo ). 3 Ibid. 60 50 40 30 20 10 0 2024-25 2029-30

T [l‘i\ ”“M“. provide energy up to 4 hours, medium storage from between 4 to 12

OverviewMethodsHistoryApplicationsUse
casesCapacityEconomicsResearch

W?rtsil? Energy Storage & Optimisation's software lead, Ruchira Shah,
speaks to ESN Premium about the newest iteration of the GEMS Digital
Energy Platform. W?rtsil? ES& O head Andy Tang spoke about how
average customer product sizes had moved from single-digit
megawatt-hours of capacity to double digits and were already at around
100MW

Commert st 55 There is strong and growing interest in deploying energy storage with

greater than 4 hours of capacity, which has been identified as potentially
:J | T playing an important role in helping integrate ???
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The Long-Duration Energy Storage (LDES) portfolio will validate new
energy storage technologies and enhance the capabilities of customers
and communities to integrate grid storage more effectively. DOE defines
LDES as storage systems capable of delivering electricity for 10 or more
hours in duration.

Deep storage, including Snowy 2.0 and Borumba will be around 10 per
cent of Australia's total capacity by 2050, however it is worth noting that
this model only includes committed projects, meaning this capacity could
be higher if more projects are proposed and brought online. Figure 1:

Storage installed capacity and energy storage capacity, NEM

For example, in VRE-rich areas, adding one hour of storage boosted
energy value for both wind and solar plants by ~80%, and extending
storage from 1 to 4 hours duration boosted energy revenue by a further
~30%. One caveat is that storage value was based on the assumption that

battery dispatch was optimized with perfect foresight into market
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