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How can energy storage help the electric grid? Three distinct yet

interlinked dimensions can illustrate energy storagea??s expanding role in

|'~\L'l the current and future electric grida??renewable energy integration,grid

i' LL/: optimization,and electrification and decentralization support.

R

How does energy storage affect investment in power generation? Energy
== storage can affect investment in power generation by reducing the need
|'\L for peaker plants and transmission and distribution upgrades,thereby

i' LL”' lowering the overall cost of electricity generation and delivery.

What drives energy storage growth? Energy storage growth is generally
driven by economics,incentives,and versatility. The third
drivera??versatilitya??is reflected in energy storagea??s growing variety

of roles across the electric grid (figure 1).

Why is grid-scale battery storage important? Grid-scale
storage,particularly batteries,will be essential to manage the impact on the
power gridand handle the hourly and seasonal variations in renewable

!' I”,, electricity output while keeping grids stable and reliable in the face of

e

growing demand. Grid-scale battery storage needs to grow significantly to
get on track with the Net Zero Scenario.

Are high energy storage prices a signal for future investment? Geske and
Green (2020) stated that high prices are a signal for new production
!u“\* investments and the impacts of storage facilities on market prices may

]' U:“' create a negative signalfor future investments . On the other side,the

expansion of energy storage investments results in a decrease in storage
investment costs due to the learning effect.
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How has technology impacted energy storage deployment? Technological
¢ breakthroughs and evolving market dynamics have triggered a remarkable
|n\l surgein energy storage deployment across the electric grid in front of and

I Ll behind-the-meter (BTM).
. In the configuration of energy storage, energy storage capacity should not
= be too large, too large capacity will lead to a significant increase in the
I“\\,r_ investment cost. Small energy storage capacity is difficult to improve the
I L”, operating efficiency of the system [11, 12]. Therefore, how to reasonably

configure energy storage equipment has become

Long-duration energy storage (LDES) is a key resource in enabling
zero-emissions electricity grids but its role within different types of grids is
not well understood. Using the Switch capacity

: Greening the Grid is supported by the U.S. Agency for International
. Development (USAID), and is managed through the USAID-NREL

, BE . . »
"‘ s Partnership, which addresses critical aspects of advanced energy systems
i | including grid modernization, distributed energy resources and storage,

power sector resilience, and the data and analytical tools needed to
support them.

As an important support for power systems with high penetration of
sustainable energy, the energy storage system (ESS) has changed the
traditional model of simultaneous implementation of electricity production
and consumption. Its installed capacity under the source-grid-load
scenario is rising year by year, contributing to sustainable development,

but it faces a?|
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Another interesting energy storage ETF is GRID, which is focused on
alternative energy infrastructure companies such as power management
company Eaton Corp., industrial conglomerate Johnson

Electrical Energy Storage (EES) refers to systems that store electricity in a
form that can be converted back into electrical energy when needed. 1
Batteries are one of the most common forms of electrical energy storage.
The first batterya??called Volta's cella??was developed in 1800. 2 The
first U.S. large-scale energy storage facility was the Rocky River Pumped
Storage plant in a?|

In Fig. 2 it is noted that pumped storage is the most dominant technology
used accounting for about 90.3% of the storage capacity, followed by
EES. By the end of 2020, the cumulative installed capacity of EES had
reached 14.2 GW. The lithium-iron battery accounts for 92% of EES,
followed by NaS battery at 3.6%, lead battery which accounts for about
3.5%, a?|

of energy storage, since storage can be a critical component of grid
stability and resiliency. The future for energy storage in the U.S. should
address the following issues: energy storage technologies should be cost
competitive (unsubsidized) with other technologies providing similar
services; energy storage should be recognized for

In the high-renewable penetrated power grid, mobile energy-storage
systems (MESSs) enhance power grids" security and economic operation
by using their flexible spatiotemporal energy scheduling ability. It is a
crucial flexible scheduling resource for realizing large-scale renewable
energy consumption in the power system. However, the spatiotemporal
a?|
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Long-duration energy storage (LDES) is a key resource in enabling
zero-emissions electricity grids but its role within different types of grids is
not well understood. Using the Switch capacity

The technology architecture of grid-load-storage is an innovative design
that integrates multiple systems and resources, aiming to achieve
collaborative control and optimization of energy. This architecture
integrates power sources, power grids, load management, and energy
storage systems, breaking down the traditional boundaries between

A framework for understanding the role of energy storage in the future

I"g" o electric grid. Three distinct yet interlinked dimensions can illustrate energy
!! m iy storage's expanding role in the current and a?|
<
—_— Generation-Grid-Load-Storage (GGLS) has been proposed
| T correspondingly [4]. It aims to intensify the interaction of renewable
i ®, energy, flexible load, and storage within the transmission capacity of the
power grid in a tech-economic way. In Jiangsu province, many
” k demonstration projects on the
Renewable resources can boost the ELCC of storage. Interestingly,
Eééé %1} adding renewables to the grid can actually boost the ELCC of energy
gggg ggﬁ UL storage. In one study, the folks at NREL charted the relationship between
‘:’1:’93 :‘j solar penetration in California and the amount of 4-hour energy storage

that would have an ELCC of 100% (see below).
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Economics of Grid-Scale Energy Storage in transmission asset. |
consider different ownership structures for energy storage: monopoly, load
(consumer) owned, and competitive. | find that load-owned storage, which
operates the unit to energy storage investment leads to a need for more
carefully designed policies that complement

Under the goals of carbon peaking and carbon neutrality, the
transformation and upgrading of energy structure and consumption
system are rapidly developing (Boyu et al. 2022).As an important platform
that connects energy production and consumption, the power grid is the
key part of energy transformation, and it takes the major responsibility for
emission reduction a?|

requires that U.S. uttilieis not onyl produce and devil er eelctri city,but aslo
store it. Electric grid energy storage is likely to be provided by two types of
technologies: short -duration, which includes fast -response batteries to
provide frequency management and energy storage for less than 10 hours
at a time, and lon g-duration, which

With the increase in the proportion of new energy resources being
generated in the power system, it is necessary to plan the capacity
configuration of the power supply side through the coordination of power
generation, grid, load, and energy storage, to create a relatively
controllable power generation output and ensure the safe and stable
operation of the power a?|

To address these challenges, energy storage has emerged as a key
solution that can provide flexibility and balance to the power system,
allowing for higher penetration of renewable energy sources and more
efficient use of existing infrastructure [9].Energy storage technologies offer
various services such as peak shaving, load shifting, frequency regulation,
a?|
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Furthermore, flexibility retrofits for coal-fired and gas-fired units and
demand-side response can defer or reduce investment in energy storage
equipment. Take Case 5 as an example. The results of the upper-level
multi-type source-grid-load-storage flexibility resource planning problem
are shown in Appendix C.

Grid-scale Battery Energy Storage (BES) technologies are advocated as
key enablers for low-carbon pathways. High capital costs and limited
revenue from capacity utilization for a specific service leave most of the
storage assets under high investment risks. Economic viability of BES can
be justified from their participation in multiple services.

1 INTRODUCTION. The current energy storage system technologies are
undergoing a historic transformation to become more sustainable and
dynamic. Beyond the traditional applications of battery energy storage
systems (BESSSs), they have also emerged as a promising solution for
some major operational and planning challenges of modern power a?|

sources such as solar and wind. Energy storage technology use has
increased along with solar and wind energy. Several storage technologies
are in use on the U.S. grid, including pumped hydroelectric storage,
batteries, compressed air, and flywheels (see figure). Pumped
hydroelectric and compressed air energy storage can be used

energy resource (DER) assets that are included, such as generation
resources and battery storage systems, as well as the control architecture,
load management systems, and level of automation of the microgrid, all of
which increase complexity and cost of development. 1) Will the microgrid
be connected to the main power grid?
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In these off-grid microgrids, battery energy storage system adopted the
wavelet analysis to make the investment decision of the hybrid energy
storage system. Paper renewable DER units have large power output.
The net load is always <0, so that the energy storage batteries are usually
charged and only release a certain amount of energy

MITEI's three-year Future of Energy Storage study explored the role that
energy storage can play in fighting climate change and in the global
adoption of clean energy grids. Replacing fossil a?|

Developing additional investment scenarios that consider alternative
solutions beyond traditional power grid upgrades (for instance, storage,

- \ optimal location in the grid for renewable additions, and advanced

- - ey inverters) and have different target functions such as optimizing for quality

System Topology

)

poa 8

- of service or for capital expenditure (capex).

There is a global trend of deploying distributed grid scale storages in

European

- power systems for specific applications like, renewable integration, peak
P load management, congestion management, etc. Due

Modern grids need to be reliable as well as low carbon. That's where
energy storage steps in. Image: Wikimedia user Loadmaster (David R
Tribble). The February 2021 energy crisis in Texas was yet another stark
reminder of just how broken our national power grid is and how difficult the

energy transition will be.
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Energy communities can be one way of organising and incentivising peak
load reduction in the grid. An energy community is a legal entity that is
controlled by its members. The members can be individuals, small- and
medium-sized enterprises, or local authorities. the energy storage
investment costs, the spot price and energy grid tariff
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