Why is energy storage important?

flexible.

What is energy storage?

energy like electricity.

What is a battery energy storage system?
A battery energy storage system (BESS) is an electrochemical devicethat charges (or collects energy) from
the grid or a power plant and then discharges that energy at a later time to provide electricity or other grid
services when needed.

What is the difference between rated power capacity and storage duration?

Rated power capacity is the total possible instantaneous discharge capability (in kilowatts [kW] or megawatts
[MW]) of the BESS, or the maximum rate of discharge that the BESS can achieve, starting from a fully
charged state. Storage duration is the amount of time storage can discharge at its power capacity before
depleting its energy capacity.

What are the different types of energy storage technologies?

Other storage technologies include compressed air and gravity storage,but they play a comparatively small
role in current power systems. Additionally,hydrogen - which is detailed separately - is an emerging
technology that has potential for the seasonal storage of renewable energy.

How does storage affect electricity demand?

Storage can reduce demandfor electricity from inefficient,polluting plants that are often located in low-income
and marginalized communities. Storage can also help smooth out demand,avoiding price spikes for electricity
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customers. The electricity grid is a complex system in which power supply and demand must be equal at any
given moment.

Economics: A battery energy storage system
: interconnected with the transmission system and
/L Hﬁ operating in the wholesale market must be designed
N o to boost its output up to very high voltages (138
kilovolts up to 760kV) to be accepted into the
transmission grid. Equipment to perform this
function is very expensive to procure and maintain.

In the past decade, the cost of energy storage, solar
and wind energy have all dramatically decreased,
}I ?ﬁfﬁgi%ﬁw making solutions that pair storage with renewable
o cc energy more competitive. In a bidding war for a
project by Xcel Energy in Colorado, the median
price for energy storage and wind was $21/MWh,

and it was $36/MWh for solar and storage (versus
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—

Energy storage systems are used in combination
with renewable energy generators. Transmission
and Distribution (T& D) Deferral. As electricity
demand grows, energy storage systems can defer
or reduce the need for costly transmission and
distribution infrastructure upgrades. This storage
application offers cost savings by avoiding buying
new equipment.
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Energy storage is the capture of energy produced at
one time for use at a later time [1] In electric power
transmission systems they stabilize voltage and
power flow. [110] Use cases. The United States
Department of Energy International Energy Storage
Database (IESDB

Energy storage as a potential solution to costly
congestion. Energy storage located "upstream” of a
constraint can charge with the available low cost
energy in excess of the transmission capacity,
avoiding bidding off generators. This same asset
can discharge when the line is no longer congested,
displacing more expensive generation.

Increasing renewable energy targets are analyzed
to evaluate the effects of realistic regional
transmission upgrade and energy storage cost

= assumptions on the cost-optimal mix of generation,
- = transmission, and storage capacity. Contextual data
is used for New York State's grid to examine how
“Tr— electricity generation from renewable energy
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The value of energy storage for deferring
transmission upgrades is tightly linked with the cost
of storage, the cost of transmission upgrades, and
the rate of load growth. Energy storage can be a
cost-effective solution if it can substantially delay
needed investments in the transmission network.
The decision to invest in an energy storage

This paper presents a modeling framework that
supports energy storage, with a particular focus on
pumped storage hydropower, to be considered in
the transmission planning processes as an
alternative transmission solution (ATS). The model
finds the most cost-effective energy storage
transmission solution that can address
pre-determined transmission needs ???

In recent years, battery energy storage (BES)
technology has developed rapidly. The total
installed battery energy storage capacity is
expected to grow from 11 GWh in 2017 to
1007?7167 GWh by 2030 globally [19].Under the
condition of technology innovation and wildly

= | o deployment of battery energy storage systems, the
y ! T ] . . .

‘ l ‘ efficiency, energy density, power density, ???

N I .
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< The role of energy storage and transmission under
r-i"r_\ -2 > various assumptions about a) development of
7 \ . . . .
N — : electric battery costs, b) transmission grid
il e expansion restrictions, and c) the variability of future

electricity demand is demonstrated. Two models are
soft-linked ??? LIBEMOD, a multimarket energy
equilibrium model of Europe, and TIMES-Europe, a

Explore the benefits of storage as a transmission
asset in power grid upgrades and provides an
update on enabling regulatory changes. Sectors.
"Energy storage is increasingly viewed as a viable
option to traditional transmission and distribution
investments and a tool to maximize the efficiency of
existing grid systems," says Roberto

Five-hundred kilovolt (500 kV) Three-phase electric
power Transmission Lines at Grand Coulee
Dam.Four circuits are shown. Two additional circuits
are obscured by trees on the far right. The entire
6809 MW [1] nameplate generation capacity of the
dam is accommodated by these six circuits.. Electric
‘ power transmission is the bulk movement of

ey
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" electrical energy from a ???
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Like transmission, energy storage can help to
manage supply and demand over broad areas of
the electric system because it can provide both
generation and load by converting excess electric
power into another medium to be stored for later
use. Accordingly, energy storage has often been
viewed as a non-wires alternative (NWA) to
transmission grid

ESA Principles on Storage as Transmission Only 1.
Energy storage should be considered as a
transmission solution in the normal course of
transmission planning processes. 2.
Storage-as-transmission possesses different
qualities than conventional transmission solutions
and merits treatment that does not unduly penalize
those differences. 3.

This paper studies the distributionally robust
capacity sizing problem of renewable generation,
transmission, and energy storage for low-carbon
power systems. The contribution of this paper is
two-fold. (1) A bi-objective coordinate
renewable-transmission-ESS sizing model based on
DRO is proposed for the transition to a low-carbon
power system
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Utility companies use two different types of power
lines???transmission and distribution power
lines???for the transportation of electricity. While
transmission and distribution lines work together to
carry and deliver electricity from power sources to
consumers via the energy grid, they serve different
functions and there are a number of key differences
between ???

Energy storage systems that lead to the deferral of
T& D upgrades allow for a more efficient
deployment of capital to meet evolving grid needs
and can enable the development of new business

models.

but also energy storage, electric vehicles, demand
response and energy efficiency, changes the
transmission system operators (TSOs) and
distribution system operators (DSOs). Also, there is
an open question in several states regarding
whether the utility should act as the DSO. 7.

SUPPORT REAL-TIME ONLINE
MONITORING OF SYSTEM STATUS
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Batteries and Transmission ??7? Battery Storage
critical to maximizing grid modernization ?7?7?
Alleviate thermal overload on transmission ???
Protect and support infrastructure ??? Leveling and
absorbing ??7?

Electric power transmission is the bulk movement of
electrical energy from a generating site, such as a
power plant, to an electrical substation. The

STomace ; interconnected lines that facilitate this movement

SYSTEM

form a transmission network.

ENERGY RESOURCES Distributed generation
Behind-the-meter batteries Smart charging electric
vehicles Demand Power-to-heat response
Distributed energy resources (DERs) are small or
medium-sized resources, directly connected to the
distribution network (EC, 2015). They include
distributed generation, energy storage (small-scale
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energy storage provided transmission deferral 10
days out of the year and resource adequacy
another. 10 days out of the year while participating
in energy and ancillary service markets for the

Energy storage is a potential substitute for, or
complement to, almost every aspect of a power
system, including generation, transmission, and
demand flexibility. Storage should be co-optimized
with clean generation, transmission systems, and
strategies to reward consumers for making their
electricity use more flexible.

B

Several states have initiated studies to evaluate the
role of energy storage as a transmission asset. Use
case: A recent New York study proposed adding a
200 MW/200 MWh storage as a transmission asset
instead of a new 345 kV tie line to help increase the
power transfer capability and reduce congestion. Its
estimated cost would be US$120 million
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Grid-scale storage plays an important role in the Net
Zero Emissions by 2050 Scenario, providing
% important system services that range from

l short-term balancing and operating reserves,

T,

ancillary services for grid stability and deferment of
investment in new transmission and distribution
lines, to long-term energy storage and restoring grid

Energy Transmission and Storage. Bent S?rensen,
in Renewable Energy (Fourth Edition), 2011.
Publisher Summary. Energy transmission is used
not only to deliver energy from the sites of
generation to the dominant sites of energy use, but
also to deal with temporal mismatch between
(renewable) energy generation and variations in
demand. Therefore, energy transmission and ???

They studied the role for storage for two variants of
== ] - ] the power system, populated with load and VRE
Y o availability profiles consistent with the U.S.
| | , . : Northeast (North) and Texas (South) regions. The
paper found that in both regions, the value of battery

energy storage generally declines with increasing
storage penetration.
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°- Flywheel energy storage devices turn surplus
electrical energy into kinetic energy in the form of

heavy high-velocity spinning wheels. To avoid
L ! energy losses, the wheels are kept in a frictionless

vacuum by a magnetic field, allowing the spinning to
be managed in a way that creates electricity when
required.

Simply put, energy storage is the ability to capture
energy at one time for use at a later time. Storage
devices can save energy in many forms (e.g.,
chemical, kinetic, or thermal) and convert them back
to useful forms of energy ??7?

- i‘: : Allowing an energy storage device deployed as a
= transmission asset to also access wholesale energy
i & Ui markets creates several competing priorities. Market
- A participation creates offsetting revenue to be shared
)
i
]
=
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Transmission costs for energy can vary by location
and over time, and energy storage can alleviate the
price differential; Provides an overview of energy
storage and the attributes and differentiators for
various storage technologies. Why Tesla Is Building
City-Sized Batteries. Verge Science. August 14,
2018. (6 min)
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