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Executive summary

¢ Investment opportunity: The expansion of renewable energy is creating attractive investment opportunities in
flexible and dispatchable assets within the power system, with battery energy storage system (BESS) being the
preferred technology given their scalability and cost efficiency. Early market entrants can benefit from first-mover
advantages, but long-term success requires expertise and a nuanced strategy to address challenges like price
saturation and revenue compression as the sector evolves.

¢ Battery storage maximises value through revenue stacking and business models: Grid-scale BESS projects
generate value by offering multiple grid services as renewable energy penetration grows. Business models like tolling,
regulated cost recovery, and merchant approaches help developers balance revenue certainty with market risk.

¢ Attractive BESS markets have common features: These markets tend to have high renewables penetration,
growing electricity demand, grid constraints, and retiring thermal generation. Examples are Electric Reliability
Council of Texas (ERCOT), California Independent System Operator (CAISO), Australia’s National Electricity Market
(NEM), and markets in Chile, Italy, and the UK, all benefitting from favourable policies and shifting market structures.

For institutional investors and investment professionals only.
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The energy storage market has been fast growing in recent years

The exponential growth in energy storage globally in recent years reflects the rising need for flexible and dispatchable
capacity to complement renewable generation. As the share of solar, wind and other variable renewable sources
increases, balancing supply and demand and maintaining grid reliability has become more challenging, creating strong
incentives for energy storage capacity deployment. Between 2020 and 2024, cumulative global battery storage
capacity soared from just 12 gigawatt-hours (GWh) to over 176 GWh, achieving a remarkable compound annual
growth rate (CAGR) of 95% (Figure 1). Lithium-ion batteries have powered most of these deployments, thanks to their
versatility and cost-effectiveness, largely driven by economies of scale and technology improvement resulting from
their widespread adoption in electronic devices and the electric mobility sector.

Figure 1:
Battery storage capacity deployment has accelerated in recent years
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Source: BloombergNEF (BNEF), “1H 2025 Energy Storage Market Outlook”, April 2025.

Different types of battery energy storage system projects

BESS projects are typically built under three project types: stand-alone grid-scale, co-location with generation assets
like wind or solar farms, and virtual power plants (VPPs) which are connected to the distribution network and aggregate
multiple small-scale projects to act as a dispatchable unit (Figure 2).

Figure 2:
Three primary energy storage project types
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Source: Macquarie Asset Management analysis.

1. A grid tie connects battery to the grid, enabling the battery to charge from and discharge to the grid.
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Projects may be grid-tied directly to the network or may also be hosted at a customer’s site to help moderate their
load. These configurations are broadly categorised as either front-of-the-meter (FTM) or behind-the-meter (BTM)
(Figure 3). BTM systems operate on the customer's side of the meter, primarily serving on-site loads. These solutions
are typically deployed to reduce a customer’s energy bills through strategies such as time-of-use shifting and peak
demand reduction. They can also help improve resilience.?

In contrast, FTM systems are connected directly to the transmission or distribution grid and are designed to deliver
services to the wholesale market and the grid. These systems - particularly stand-alone grid-scale BESS - are designed
to capitalise on multiple revenue streams across capacity, wholesale power and ancillary service markets. Bidding
strategies that look to optimise revenue across all available market products are often referred to as ‘revenue stacking’,
allowing developers and operators to realise more economic value than just bidding a single product. The remainder of
this paper focuses on FTM stand-alone grid-scale projects.

Figure 3:
Front-of-the-meter (FTM) and behind-the-meter (BTM) solutions
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Sources: Battery Council International, “Behind the Meter Energy Storage: Advancing Towards Net-Zero Carbon Energy Production”, May 2024.

BESS has wide-ranging revenue streams and business models

As summarised in Figure 4, BESS revenue streams encompass wholesale market activities, contractual availability
payments, and a range of system support functions. For FTM stand-alone grid-scale projects, the value proposition lies
in combining multiple distinct revenue opportunities into a coherent operating strategy, and their three main revenue
streams are: (1) energy trading, (2) capacity mechanisms, and (3) ancillary services.

Energy trading. Battery storage facilities can generate arbitrage revenues from day-ahead, intraday and real-time
power markets by charging the battery when electricity prices are low and discharging when prices are high. Arbitrage
revenues can derive from the wholesale market, which typically is procured a day or more in advance to meet
forecasted demand. Variations between forecasts and actual renewable output can create additional opportunities

in real-time trading - including the intraday market and, in the UK, the balancing mechanism?® - where price spreads
are often wider than in the day-ahead market.# The significance of arbitrage revenues generally increases within a
market over time as returns from ancillary services decrease due to price cannibalisation as additional capacity is
introduced. To assess a battery project, one typically develops an outlook on the day-ahead market and then considers
how much additional value can be secured from real-time energy and ancillary service opportunities across the
targeted timeframe.

2. Battery Council International, “Behind the Meter Energy Storage: Advancing Towards Net-Zero Carbon Energy Production”, May 2024.
3. The UK Balancing Mechanism is National Grid ESO’s real-time market, which operates after the intraday market closes.
4. Modo Energy, “Intraday trading: what is the revenue potential for batteries?”, December 2023.
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Capacity mechanisms. The capacity market functions as a forward reliability mechanism, securing adequate
dispatchable capacity to meet peak demand and maintain system stability, especially during contingency events and
periods of low renewable generation. In CAISO’s® Resource Adequacy program and the UK’s National Grid Electricity
System Operator (ESO) capacity market, this is achieved by contracting resources, including BESS, to ensure sufficient
capacity availability. Payments are tied to their committed capacity, with penalties imposed for non-performance.

Ancillary services. Ancillary services are the operations outside the core functions of generation and transmission that
enable grid operators to maintain grid stability and reliability. There is a spectrum of these services, but the major ones
are reserves and frequency regulation.®

Reserves are BESS that are procured to stand in waiting for deployment during a contingency event, such as a
generator fault and transmission outage. Reserve services are usually further divided into subcategories based on their
response time. For instance, ERCOT’ procures three reserve products, including Responsive Reserve Service (RRS),
ERCOT Contingency Reserve Service (ECRS) and Non-spinning, which respectively refer to capacity that can ramp
within 0.25-1 minute, 10 minutes and 30 minutes.® Frequency regulation, on the other hand, ensures the real-time
balance of supply and demand by maintaining grid frequency within the standard operating range. This is achieved by
continuously adjusting the instantaneous balance of load and supply - either injecting power into the grid (regulation
up) or drawing power from it (regulation down).

Beyond reserves and frequency regulation, BESS can also deliver a range of other critical grid services.
Examples include:

e Black start (also known as restoration), which enables the grid to restart following a total or partial shutdown
without relying on external power sources

e Reactive power management, or voltage control, which regulates the flow of reactive power to maintain voltage
levels and support efficient power transmission

e Virtual or synthetic inertia, a service that leverages the BESS's power electronics and control algorithms to emulate
the inertia-like response typically provided by conventional synchronous generators

Figure 4:

BESS has a variety of possible revenue streams

Energy trading

Charging the battery when Including transmission and
electricity prices are low and distribution (T&D) deferral,
discharging when prices are high Energy Other congestion relief, and renewable
to profit from price differences in trading services integration, among others

the wholesale power market

Other services

BESS providers are rewarded for E“ergy (BTM batteries only)

maintaining availability to ensure . Storage Services Services provided to directly
sufficient system capacity during for end- benefit end-users, e.g. time-of-use
peak demand bill management

users

Ancillary services

Services where the battery
contributes to maintain the .
functioning of the electricity services
transmission grid within the

appropriate standards

Ancillary

Sources: Rocky Mountain Institute (RMI), “The Economics of Battery Energy Storage”, October 2015; Ernst & Young (EY), “Four factors to guide investment in battery storage”, June
2024; Macquarie Asset Management analysis.

5. CAISO operates California's wholesale power grid.

6. New Energy States Committee on Electricity, “Ancillary Services Primer”, September 2017.
7.ERCOT is the operator of Texas's electrical grid.

8. Modo Energy, “ERCOT’s Ancillary Services: a beginner’s guide”, December 2024.
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The ability to ‘value stack’ by bidding across various market products is highly dictated by market-specific participation
rules. For example, ERCOT and CAISO are both grids within the US but have different stacking opportunity sets, as
shown in Figure 5.

Figure 5:
The set of revenue stacking opportunities varies across different grids and power markets
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Sources: CAISO, “2023 Special Report on Battery Storage”, July 2024; Modo Energy, “ERCOT’s Ancillary Services: a beginner’s guide”, December 2024; Macquarie Asset
Management analysis.

For developers and investors, the strategic challenge lies not only in identifying potential revenue streams but also in
evaluating how these streams may evolve and what risks may emerge over the asset's lifetime. Much of the success
of a battery storage project is determined in the planning period - it depends on how well the developer can assess
(1) market evolution over time, (2) what contracting options may be available to manage risk and improve returns,
and (3) what the optimal operation strategy is for a given market. This is a complex undertaking, as it involves
navigating trade-offs: the highest immediate revenues may not necessarily translate into the greatest long-term
profitability. For instance, frequent cycling (charging and discharging) of the battery can boost short-term earnings but
accelerates degradation, ultimately shortening the battery's lifespan.!? To address these complexities, sophisticated
techno-economic tools are often employed. These tools simulate bidding behaviour across multiple market products,
incorporate market-specific bidding rules, and account for the technical constraints of the battery. Figure 6 illustrates
a monthly energy storage dispatch simulation for a hypothetical project within the CAISO market.

9. In the context of CAISO, spinning reserve is standby capacity from generation units already connected or synchronised to the grid and that can deliver their energy in 10 minutes
when dispatched.

10. In the context of CAISO, non-spinning reserve is capacity that is not synchronised to the grid but can be synchronised and ramped to a specified load within 10 minutes.

11. Modo Energy, “Degradation and cycling: how it affects your battery”, March 2023.
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Figure 6:

Example of operational optimisation - monthly energy storage dispatch simulation in CAISO (January 2020)
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Source: Macquarie Asset Management analysis. This example is for informational purposes only and is intended to illustrate a hypothetical application of an energy storage asset in CAISO for the
month of January 2020. Based on historical performance and therefore are not suitable for forward-looking interpretation. Past performance is not indicative of future returns. For illustrative

purposes only.

12. Historical price curves reported on the CAISO OASIS database.
13. Node ALTAPES_7_N001 is the node of the Pomona Alta Gas BESS, which has been operational in California since 2017.
14. Perfect-foresight dispatch co-optimisation results for the Macquarie Asset Management internal model.
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The choice of business model for BESS projects is fundamentally driven by revenue risk considerations. The spectrum
of business models (Figure 7) reflects a delicate trade-off between revenue certainty and exposure to market volatility.

Low-volatility models, like pure tolling and regulated cost recovery, offer stable cash flows but limit flexibility and
upside potential. Conversely, pure merchant strategies maximise returns in volatile markets but carry significant

revenue risk, often requiring hedging or revenue insurance. Meanwhile, intermediate models, such as floor-plus-share,*®

combine a guaranteed baseline revenue with opportunities for market participation, offering a blend of security

and flexibility.

The effectiveness of any chosen model hinges on accurate forecasting of market trends and the ability to adapt
dispatch and contracting strategies over time. Ultimately, the optimal business model depends on factors such as
the developer’s risk tolerance, financing requirements, and expectations for market evolution. In practice, the most

resilient projects often integrate elements from multiple models, ensuring a stable cash flow foundation while retaining
the flexibility to capitalise on emerging market opportunities.

Figure 7:

Different energy storage business models have different market volatility exposure
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Sources: BNEF, “Energy Storage Tolling: A Primer”, March 2025; Macquarie Asset Management analysis.

15. A hybrid model where optimisers guarantee a revenue floor and share profits above it. See Figure 7 for more details.
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Market dynamics and policy shifts are shaping energy storage investments

Markets attractive for BESS typically exhibit a combination of the following factors: (1) increasing renewable energy
penetration (which drives intraday power price volatility and heightens system balancing needs), (2) rising power
demand, (3) transmission capacity bottlenecks, and (4) declining thermal generation, primarily due to coal plant
retirements.

These dynamics create opportunities for both merchant and contracted revenue streams. For instance, in markets
where renewable deployment has outpaced grid reinforcement, storage can capitalise on significant arbitrage margins
by absorbing surplus generation and discharging during evening peak demand. Similarly, in regions where fossil fuel
capacity has retired without adequate replacement, system operators increasingly rely on storage as a capacity
resource, generating additional revenue through capacity procurement mechanisms. Nonetheless, market entry timing
is crucial. Early entrants can capitalise on high returns fuelled by volatile price spreads and undersupplied ancillary
markets. However, as installed storage capacity grows and surpasses demand for these services, reduction in revenue
typically ensues.

ERCOT (Texas, US)

ERCOT, one of the most developed BESS markets globally, is a prime example of the market evolution described

above. In recent years, extreme weather events and grid instability - exacerbated by the rapid expansion of renewable
power capacity and surging electricity demand from data centre and cryptocurrency mining in Texas - have created
exceptional opportunities for both energy trading and ancillary services. As a result, BESS capacity within the ERCOT
market has grown exponentially, rising from 1,473 MWh in 2021 to 13,736 MWh in 2024, a more than ninefold increase
in just three years (Figure 8).1¢

By 2024, however, declining power price volatility and the saturation of ancillary markets had eroded average revenue.
The volume-weighted average clearing price of ancillary service in 2024 was $US7.03 per MW per hour, which is only
a third of the average in 2022 and 2023 (Figure 9).7 At the same time, the ERCOT market faced additional headwinds
from US trade policies, including tariffs on batteries imported from China and other Asian countries. These measures
have increased the investment cost of BESS projects across the US.

Despite these challenges, persistently rising electricity demand and continued deployment of non-dispatchable
renewable energy sources are expected to sustain elevated power price volatility in the near term, ensuring that
ERCOT remains a key market for BESS.

Figure 8: Cumulative battery capacity within the Figure 9: Lower energy market volatility and rising
ERCOT market has grown by more than ninefold from battery participation drive declining ancillary service
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GWh $US/MW/h

1 3,000 2,959

L F

137
12 120/
10
%0
5.7 60
3.1 30
2 ol o]
0 ﬂ - 0 .lllml-llll "lll" |I|||| I |II| walll I II.I .|I|.| s

2020 2021 2022 2023 2024 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24

14

A O o

Sources: BNEF, “1H 2025 Energy Storage Market Outlook”, April 2025; Modo Energy, “ERCOT: How did power prices evolve in 2024?", February 2025.

16. BNEF, “1H 2025 Energy Storage Market Outlook”, April 2025. Figures exclude pumped hydro capacity.
17. Modo Energy, “ERCOT: How did power prices evolve in 2024?”, February 2025.
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CAISO, NEM and Chile are also popular BESS markets, thanks to high renewable penetration and grid constraints that
create sustained arbitrage and ancillary opportunities. European markets such as Italy and the UK are also showing
growing potential.®

CAISO (California, US)

CAISO is also a relatively well-developed market for BESS. It is attractive for investment not only for its high solar
penetration and relatively well-established market framework but also for its long-term resource adequacy contracts.
These contracts offer stable revenue streams and currently comprise the majority of income for most BESS
participants.’® Although the market is increasingly competitive - with capacity additions projected to be nearly 14
GWh this year? - the ongoing demand for BESS to enhance grid stability and facilitate renewable energy integration
continues to present significant opportunities for developers.

NEM (Australia)

Australia presents a compelling case for battery investment as structural shifts in the National Electricity Market
(NEM) create pricing volatility and multiple revenue streams. The phase-out of coal-fired generation, coupled with a
rapid build-out of wind and solar, has heightened grid instability.?* As a result, batteries are increasingly essential to
maintain system reliability. The trend is expected to continue, driven by robust policy support - such as the Capacity
Investment Scheme, which guarantees long-term returns for large-scale battery storage and renewables - and
increasing deployment needs as variable renewable energy continues to grow.2? These factors sustain high price
volatility, further reinforcing the economic case for BESS investment.

Chile

Chile offers strong fundamentals for battery investment, driven by rapid solar deployment and persistent transmission
bottlenecks between generation rich northern regions and southern demand centres.?* These constraints have
intensified intraday price volatility and curtailment, creating strong arbitrage opportunities for storage. The market’s
marginal cost-based pricing allows BESS to monetise both energy shifting and capacity value. These conditions are
likely to persist (albeit somewhat mitigated by the growing deployment of BESS) until at least 2032, when significant
transmission upgrades are anticipated to come online, enhancing the visibility of returns.2

Europe

The European market is also demonstrating growth potential in the energy storage sector, with recent policy
developments in Italy and the UK paving the way for increased investment in battery storage. Italy has introduced the
Italian Energy Storage Capacity Procurement Mechanism (MACSE), which will hold its inaugural auction in September
2025. This auction, targeting delivery by 2028, will award 15-year capacity payments indexed to inflation, creating a
stable revenue stream for investors.2® In the UK, the Clean Power 2030 Action Plan targets to generate as much clean
energy as it consumes by 2030.2° This initiative promotes the expansion of renewable energy sources and in turn
increases the demand for flexible solutions including BESS. These policy shifts, combined with existing grid instability
caused by high renewable energy penetration, are expected to enhance the economic viability of battery storage
projects in both markets, making them increasingly attractive to developers and investors.

18. IDTechEx, “Countries With Soon-to-Boom Li-ion Battery Energy Storage Systems (BESS) Markets”, December 2024.

19. Modo Energy, “Resource Adequacy: How it works, how you're paid, and how to apply”, December 2024.

20. BNEF, “1H 2025 Energy Storage Market Outlook”, April 2025.

21. Modo Energy, “Australia: The 2025 NEM Battery Energy Storage Pipeline Report”, May 2025.

22. Department of Climate Change, Energy, the Environment and Water, Australia, “Capacity Investment Scheme”, August 2025.

23. National Bureau of Economic Research, “The Dynamic Impact of Market Integration: Evidence from Renewable Energy Expansion in Chile”, May 2022.

24. Aurora Energy Research, “Chile: Aurora’s nodal model sees curtailment pressures easing by 2027 with support from storage and transmission upgrades”, July 2025.
25. Timera Energy, “Italy’s 1st MACSE auction: green light for BESS investors”, March 2025.

26. Department for Energy Security & Net Zero, United Kingdom, “Clean Power 2030 Action Plan: A new era of clean electricity - main report”, April 2025.
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Conclusion

Battery storage plays a pivotal role in building a sustainable, resilient energy future. With increasing renewable energy
penetration, rising electricity demand, and grid instability, BESS provides versatile solutions to balance supply and
demand, ensure system reliability, and unlock diverse revenue streams. BESS markets like CAISO, ERCOT, and NEM,
as well as markets in Chile and some European countries (Italy and the UK), demonstrate strong investment potential
driven by policy and market dynamics. Yet, challenges like market saturation as the sector matures and operational
trade-offs call for sophisticated strategies to optimise both short-term gains and long-term value. Developers

and investors that adapt effectively will be best positioned to capitalise on the economic opportunities within this
transformative industry.
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IMPORTANT INFORMATION

In April 2025, Macquarie Group Limited and Nomura Holding America Inc. (Nomura)
announced that they had entered into an agreement for Nomura to acquire Macquarie
Asset Management's US and European public investments business. The transaction is
subject to customary closing conditions, including the receipt of applicable regulatory
and client approvals. Subject to such approvals and the satisfaction of these conditions,
the transaction is expected to close by the end of 2025.

The opinions expressed are those of the author(s) are as of the date indicated and may
change based on market and other conditions. The accuracy of the content and its
relevance to your client’s particular circumstances is not guaranteed.

This market commentary has been prepared for general informational purposes by the
team, who are part of Macquarie Asset Management (MAM), the asset management
business of Macquarie Group (Macquarie), and is not a product of the Macquarie
Research Department. This market commentary reflects the views of the team and
statements in it may differ from the views of others in MAM or of other Macquarie
divisions or groups, including Macquarie Research. This market commentary has not
been prepared to comply with requirements designed to promote the independence of
investment research and is accordingly not subject to any prohibition on dealing ahead of
the dissemination of investment research.

Nothing in this market commentary shall be construed as a solicitation to buy or sell any
security or other product, or to engage in or refrain from engaging in any transaction.
Macquarie conducts a global full-service, integrated investment banking, asset
management, and brokerage business. Macquarie may do, and seek to do, business with
any of the companies covered in this market commentary. Macquarie has investment
banking and other business relationships with a significant number of companies, which
may include companies that are discussed in this commentary, and may have positions
in financial instruments or other financial interests in the subject matter of this market
commentary. As a result, investors should be aware that Macquarie may have a conflict
of interest that could affect the objectivity of this market commentary. In preparing this
market commentary, we did not take into account the investment objectives, financial
situation or needs of any particular client. You should not make an investment decision
on the basis of this market commentary. Before making an investment decision you
need to consider, with or without the assistance of an adviser, whether the investment
is appropriate in light of your particular investment needs, objectives and financial
circumstances.

Macquarie salespeople, traders and other professionals may provide oral or written
market commentary, analysis, trading strategies or research products to Macquarie’s
clients that reflect opinions which are different from or contrary to the opinions
expressed in this market commentary. Macquarie’s asset management business
(including MAM), principal trading desks and investing businesses may make investment
decisions that are inconsistent with the views expressed in this commentary. There

are risks involved in investing. The price of securities and other financial products can
and does fluctuate, and an individual security or financial product may even become
valueless. International investors are reminded of the additional risks inherent in
international investments, such as currency fluctuations and international or local
financial, market, economic, tax or regulatory conditions, which may adversely affect the
value of the investment.

This market commentary may include forward looking statements, forecasts, estimates,
projections, opinions and investment theses, which may be identified by the use of
terminology such as “anticipate”, “believe”, “estimate”, “expect”, “intend”, “may”,

“can”, “plan”, “will”, “would”, “should”, “seek”, “project”, “continue”, “target” and similar
expressions. No representation is made or will be made that any forward-looking
statements will be achieved or will prove to be correct or that any assumptions on which
such statements may be based are reasonable. A number of factors could cause actual
future results and operations to vary materially and adversely from the forward-looking
statements. Qualitative statements regarding political, regulatory, market and economic

environments and opportunities are based on the team’s opinion, belief and judgment.

Macquarie Asset Management (MAM) is the asset management division of Macquarie
Group. MAM is an integrated asset manager across public and private markets offering a
diverse range of capabilities, including real assets, real estate, credit, equities and multi-
asset solutions. Macquarie Group refers to Macquarie Group Limited and its subsidiaries
and affiliates worldwide.

Other than Macquarie Bank Limited ABN 46 008 583 542 (“Macquarie
Bank”), any Macquarie Group entity noted in this document is not an
authorised deposit-taking institution for the purposes of the Banking
Act 1959 (Commonwealth of Australia). The obligations of these
other Macquarie Group entities do not represent deposits or other
liabilities of Macquarie Bank. Macquarie Bank does not guarantee

or otherwise provide assurance in respect of the obligations of

these other Macquarie Group entities. In addition, if this document
relates to an investment, (a) the investor is subject to investment
risk including possible delays in repayment and loss of income and
principal invested and (b) none of Macquarie Bank or any other
Macquarie Group entity guarantees any particular rate of return on or

the performance of the investment, nor do they guarantee repayment
of capital in respect of the investment.

Past performance does not guarantee future results. Diversification may not protect
against market risk.

Macquarie Group, its employees and officers may act in different, potentially conflicting,
roles in providing the financial services referred to in this document. The Macquarie
Group entities may from time to time act as trustee, administrator, registrar, custodian,
investment manager or investment advisor, representative or otherwise for a product

or may be otherwise involved in or with, other products and clients which have similar
investment objectives to those of the products described herein. Due to the conflicting
nature of these roles, the interests of Macquarie Group may from time to time be
inconsistent with the Interests of investors. Macquarie Group entities may receive
remuneration as a result of acting in these roles. Macquarie Group has conflict of interest
policies which aim to manage conflicts of interest.

All third-party marks cited are the property of their respective owners.
© 2025 Macquarie Group Limited
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