However,the percentage of total battery stc age ; he
decreasedas batteries have transitioned to providing more energy
revenue for batteries increased from about $73/kW-yr in 2021 to $103/kW- u

Why are ancillary services better than energy arbitrage?

Battery energy storage systems are particularly well-suited to provide Ancillary Services - due't
near-instantaneous ramp rates.

How should ancillary services be procured?

Ideally,all ancillary services would be procured taking full account of the interactions with the energy market.
When a resource is used for an ancillary service instead of providing energy in real time,the cost of removing
the resource,either fully or partially,from the energy market should be included in the offer for the ancillary
service.

Are ancillary service markets effective?

The benefits of markets can be realized under the current approach to ancillary service markets. Even in the
presence of structurally noncompetitive markets, there can be transparent, market clearing prices based on
competitive offers that account explicitly and accurately for opportunity cost.

Will battery-dominated ancillary services be saturated?

And the amount of Ancillary Service volume that batteries are competing for. However, we do expect to see
saturation happen in battery-dominated Ancillary Services in the next few months. Battery energy storage

systems in ERCOT currently earn 90% of their revenues from Ancillary Services.

Are ancillary services a viable revenue stream for batteries?
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Ancillary services are an important revenue stream for batteries,but the opportunities are limited and are at a
risk of saturation in the long-term. The exact implementation of ancillary operational requirements and total

set of products can shift over time and change how competitive specific storage projects will be through their
lifetime.

The global energy storage as a service market size
was valued at USD 1.2 billion in 2020 and is
expected to expand at a compound annual growth
rate (CAGR) of 10.7% from 2021 to 2028. The
market is expected to be driven by the increasing
demand for power management services and

cost-effective battery backup power in case of a
power outage.

A VL L[]

The Supply and Demand Adjustment Market was
established by the Electric Power Reserve
Exchange in 2021, gradually introducing new
ancillary services markets from that year onward,
beginning with tertiary adjustment reserve, then
adding primary adjustment reserve and secondary
adjustment reserve this year, as well as starting
trading in all markets.
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territory, operates markets for energy and ancillary
services, and maintains system reliability. Each
power market offers its own set of ancillary services,

and precise definitions, requirements, and market
mechanisms differ between markets.

]
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This decline is consistent with Ascend Analytics"
forecast of ancillary service prices, highlighting the
growing importance of geographic location and
bidding strategy as value drivers for storage projects
as revenues shift from ancillary services to energy
arbitrage. The decline in ancillary prices is caused
by the shallowness of the ancillary service markets,
with batteries ???

short-term competitive markets called ancillary
services markets (ASMs). Nowadays, in modern
power systems, new players such as battery energy
storage systems (BESSs) and electric vehicles
(EVs) are entering the ASMs [5]. It is thus becoming
crucial to investigate the
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Battery energy storage systems in Great Britain
earn revenue through a variety of markets with
different mechanisms. This article was updated in
Q3 2024 with the latest market data and results
from version 3.1 of the forecast. For more details on
the GB BESS Outlook, head to our The depth of
the market for ancillary services contracts

This paper addresses the growing challenges and
developments in frequency control within power
}= f?gle‘gi%ém systems influenced by the increasing penetration of
e renewable energy sources. It evaluates the
advancements and limitations of renewable-based

control technologies and explores the critical role of
diverse energy storage technologies in providing
fast frequency ???

??7? Ancillary Services Market is separate from the

il Energy Market ??? One Ancillary Services Market
!m with separate offers for each product ???
Simultaneously execute Ancillary Services Markets
??? Advantages gained over Sequential, but misses
trade-offs between Energy and Ancillary Services
??? Example: ERCOT Regulation Offer Regulation
Ancillary

E

.
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Ancillary services are the services necessary to
support the transmission of electric power from
generators to consumers given the Plug-in electric
vehicles can behave like distributed energy storage
and have the potential to discharge Operations,
Power Exchange. "Guide to Ancillary Services in the
National Electricity Market." (2010).

These services are procured by transmission
system operators (TSOs) through short-term
competitive markets called ancillary services
markets (ASMs). Nowadays, in modern power
systems, new players such as battery energy
storage systems (BESSs) and electric vehicles
(EVs) are entering the ASMs [5].

In order to explore reasonable, market-oriented
measures that can promote the provision of ancillary
services for renewable energy integration, the
National Energy Administration of China approved a
pilot study of the ancillary service market in China's
northeastern power grid in 2017, and included
renewable energy in ancillary service market
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s Case 1: SESS patrticipates in the electricity spot and
T | ancillary service markets with the proposed bidding
strategy in this case. Case 2: SESS participates in

v the electricity spot and ancillary service markets
— without considering the impact of the bidding
behaviour associated with SESS on the clearing
price of joint markets.

Outdoor Cabinet Energy Storage System

PJM operates several markets for ancillary services:
In both Day-Ahead and Real-Time. PJM 2023 RTO
"o Wide Black Start RFP Level 2 Proposal Data

a Collection Form - Rev 1 XLS: 8.22.2023 Energy &
Ancillary Services Market Operations WEB | Current
| Redline PDF Section 4: M-12:

This would see Equilibrium operating nearly 450
MWh of battery energy storage capacity by the end
of 2026, all under tolls. CPS Energy has also
announced bilateral operational agreements with
battery owner Eolian. This would give them the right
to operate 1.5 GWh of battery energy storage
capacity. This capacity is divided between three

System Topology

e

P
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When battery energy storage systems first enter a
market, they tend to earn most of their revenues

" : providing Ancillary Services. This is largely

A because: Ancillary Services provide a stable, secure

revenue stream - relative ??7?

When battery energy storage systems first enter a
market, they tend to earn most of their revenues
providing Ancillary Services. This is largely
because: Ancillary Services provide a stable, secure
revenue stream - relative to Energy arbitrage.
Reserve Ancillary Service products tend to require
lower cycling rates than Energy arbitrage.

Ancillary Services Market. BESS can also
participate in markets for ancillary services such as
frequency regulation, peak shaving and black start..
The market for balancing energy. A battery storage
system can participate in the energy market by
providing balancing services to the grid operator,
usually the transmission system operator (TSO).
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The primary difference between Ancillary Service
prices in 2020 and 2024 is the introduction of
battery energy storage systems to ERCOT. Without
batteries, Ancillary Service prices would likely be
higher than they were in 2020, as a ???

Effective Ancillary Services Market Designs on High
Wind Power Penetration Systems. National
Renewable Energy Laboratory, December 2011.
Ancillary service market designs may require
changes in systems with greater penetration of
variable RE, particularly wind. This paper explores
design considerations that take into account
economics and

Electricity storage has the potential to provide
significant flexibility in balancing the grid. The ISO
has three participation models that provide
opportunities for storage technologies to participate
in the wholesale ancillary services market and
energy market: pump storage, non-generator
resource, and proxy demand resource - load shift

resource.
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The Day-Ahead Ancillary Services Initiative (DASI)
is a key project by ISONE aimed at enhancing the
reliability and efficiency of the energy market. DASI
focuses on improving the integration and
management of ancillary services, which are
essential for maintaining the stability and reliability
of the grid. These services include regulation

scarcity pricing to incentivize new entry, providing
additional revenue opportunity for energy market
arbitrage. ??? Ancillary Services: Fast response
performance characteristics make storage well
suited to access revenue from ancillary service ???

Energy Storage Systems in Energy and Ancillary
Services Markets Considering Degradation Cost
Reza Khalilisenobari, Student Member, IEEE, and
Meng Wu, Member, IEEE Abstract???This paper
proposes a bi-level optimization frame-work to
coordinate the operation of price-maker battery
energy storage systems (BESSSs) in real-time
energy, spinning reserve,
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To this purpose, the opening of national Ancillary
Service Markets (ASMs) to DERs is considered an
essential passage. In order to allow this transition to
happen, current opportunities and barriers to market
participation of DERs must be clearly identified. For
real-time market and meter data exchanges,
publish???subscribe protocols were

The frequency control ancillary services market is
administered by the Australian Energy Market
Operator (AEMO). It is open to a broad range of
energy technologies and has increasingly become
an opportunity for battery energy storage systems
(BESS) to earn revenues by helping maintain the
electricity network's optimum operating frequency.

The California Independent System Operator
(CAISO) has enacted market rule changes to make
it easier for energy storage to provide grid ancillary
services and help grid reliability. The Energy
Storage Enhancements proposal was adopted by
CAISO's governing entities last week (16

December) and will be implemented by summer
2023, when extreme
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