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Introduction

Itis Q1 2026. As Chief Investment Officer of Meridian Capital, you lead a diversified infrastructure
fund with assets across energy, transport, and digital infrastructure. Your investment committee
has approved an initial allocation of up to 500 million dollars for grid-scale battery energy
storage, either as stand-alone projects or collocated with other renewable assets. This is your
first direct BESS allocation. You drew the framework from your team's prior experience in
infrastructure investment, project development, and energy markets. The focus on de-risking is
deliberate. Execution risk, not market risk, is where returns are lost. The thesis is clear. The
execution is not.

Meridian's stakeholder map is complex. On the buy side, your counterparts are independent
power producers (IPPs), project developers, and utilities that originate and bring Battery Energy
Storage Systems (BESS) and other renewable energy projects to market. On the supply side,
equipment vendors, Engineering Procurement and Construction (EPC) contractors, and grid
operators define the delivery chain and the risk envelope. Your lenders require bankable revenue
contracts, FEOC-compliant supply chains, and documented construction start milestones. Your
limited partners require a 12-month deployment horizon and a return profile above ten percent
unlevered. Regulators in the United States (US) and Europe impose conditions that differ
materially by market.

Grigorios Manos, Khayr Barry, Mayank Joshi, Ralf Jungblut, Tony Guillon, prepared the original version of this note “Powering the
Grid: De-Risking BESS Deployment Across Two Continents” BA No. BA-CS-086, reviewed by B.A Mariano Rubio & Dr. Garima
Shukla, as the basis for class discussion. Only for B.A BatteryDay 2026 Open Case Study session on 28.04.2026..
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The BESS market in 2026 is simultaneously the most attractive infrastructure opportunity of
the decade and one of the most technically demanding. US electricity demand is growing for
the first time in decades, driven by artificial intelligence (Al) data centres, industrial
reshoring, and electrification. In Europe, the REPowerEU programme has accelerated
renewable deployment faster than grids can absorb it, creating structural curtailment and a
direct commercial need for storage. In both geographies, the question is no longer whether to
build storage. It is who builds it, in which markets, at what development stage, and on what
terms.

This case involves six analytical lenses: market context and the urgency of the moment; the
geography of demand and revenue; the technical logic of system sizing and chemistry selection;
the friction of development, permitting, and interconnection; supply chain exposure to policy and
regulatory risk; and the quality and testing standards that separate durable assets from costly
failures. Together, these lenses constitute the full due diligence map for a serious BESS investor.

Three questions drive the analysis; you must address them and be prepared to defend your
conclusions.

Questions

1. What risk posture should we adopt for our initial BESS portfolio, and what does that
posture rule out as well as rule in?

2. Given that risk posture, which specific market positions and project types should we
shortlist for deeper due diligence, and why?

3. Twelve months after the first deployment, how will we know whether our programme
is on track?

1. Market Context: Why BESS, and Why Now?

US electricity demand is growing for the first time in decades. Artificial intelligence data
centres requiring 100 to 500 MW each, industrial reshoring, and broad electrification are
compressing an already tight generation margin. The US Energy Information Administration
(EIA) projects that more than 150 GW of new capacity will be needed within five years. Gas
turbines take four to five years to deliver. Nuclear is a decade-plus commitment. Solar paired
with storage is the only combination that can be built at the required speed and scale. The
result is visible in deployment data: 57.6 GWh of battery energy storage was installed in the
US in 2025 alone, a 64 percent year-on-year increase, bringing cumulative installed capacity
to 137 GWh. The Solar Energy Industries Association (SEIA) projects more than 600 GWh by
2030. Deployment is now economics-driven and bipartisan. [1.1]

Europe presents a different but equally compelling case. The REPowerEU programme,
launched in 2022 in response to the energy security crisis, has accelerated renewable
build-out across the continent. Germany recorded 457 negative-price hours in 2024, up from
301 in 2023, as solar and wind generation periodically exceeded demand. Great Britain's
capacity market has made BESS a mainstream infrastructure asset with 15-year contracted
revenue. ltaly's Terna, the national transmission system operator (TSO), has structured
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dedicated long-term capacity auctions, the MACSE mechanism, specifically for battery
storage, creating one of the most bankable contracting frameworks in Europe. Spain holds 97
GW of theoretical storage resources with only 22 GW permitted: the gap between what the
grid needs and what exists is the investment opportunity. [1.2][1.3]

The investment thesis is structural, not cyclical. Storage is not being built in anticipation of
future needs. It is being built to address a current, quantifiable, and growing imbalance
between intermittent supply and dispatchable demand. We ask a more precise question than
whether to invest: at what development stage, in which market structure, under what revenue
framework, and with what supply chain strategy do we deploy capital responsibly? [See
Appendix A. Market Capacity Comparison].

2. Market Needs, Geography and Revenue Streams

Global utility-scale battery capacity increased more than 12-fold between 2020 and 2024,
reaching roughly 120-125 GW worldwide. US utility-scale capacity exceeded 26 GW by the
end of 2024, with California alone operating 15 to 17 GW. Falling battery costs and rising
renewable penetration have moved storage from experimental flexibility to core
infrastructure. Economic viability varies significantly by market, however, depending on price
volatility, ancillary service market depth, and the contracting frameworks available to
investors. [2.1]

ERCOT (US)

ERCOT, the Electric Reliability Council of Texas, is the highest-volume fully merchant US
market. Energy arbitrage accounted for more than 70 percent of the revenue stack in 2024.
There is no contracted floor. Revenue fell from 149 dollars per kW in 2023 to approximately
30 dollars per kW year-to-date in 2025 as deployment volume flooded the market. ERCOT
rewards trading expertise and speed, but carries pure merchant risk. [2.3][2.4]

California Independent System Operator (CAISO) - US

The California Independent System Operator (CAISO) offers a more structured entry point via
Resource Adequacy (RA) contracts, which averaged 8.77 dollars per kW in the first half of
2025, providing a bankable floor. Merchant spreads compressed approximately 45 percent
year-on-year through September 2025. Alpha comes from dispatch optimisation rather than
market timing. [2.5][2.6][2.7]

Pennsylvania-New Jersey-Maryland (PJM) - US

With 13 states represented, PJM is currently the highest-revenue US market, with batteries
generating 288 dollars per kW year-to-date through September 2025. The Reliability Pricing
Model (RPM) capacity market cleared at 269.92 dollars per MW-day for 2025/26, providing a
contracted floor unavailable in ERCOT. Low current BESS saturation creates a first-mover
window, but the interconnection backlog of 170 GW queued under ongoing FERC Order 2023
reform is the dominant execution risk. [2.8][2.9][2.10]
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United Kingdom

Great Britain operates a mature 15-year capacity market providing the most predictable
contracted revenue in this study. Energy arbitrage now accounts for approximately 50 percent
of the revenue stack. Ancillary revenues fell from approximately 150,000 pounds per MW in
2022 to approximately 50,000 pounds per MW in 2023 as the Dynamic Containment and FFR
markets saturated. Active trading capability is required to defend total returns. [2.11][2.12]

Germany

Germany offers the widest energy arbitrage window in Europe, with 457 negative-price hours
in 2024 and a combined revenue stack of up to 160,000 euros per MW from FCR, aFRR and
intraday markets. There is no capacity market, making the position fully merchant. An inertia
market is expected to open in 2026, potentially adding a contracted revenue layer. [2.13]

Italy

Italy is the most bankable European market for a first BESS investment. Terna's MACSE
mechanism provides 15-year tolling contracts averaging approximately 12,959 euros per
MWh per year, supplemented by a 15-year capacity market contract that cleared at 47,000
euros per MW in February 2025. The caution: MACSE cleared 65 percent below the ceiling
price in its first auction, confirming that thin margins are viable only at a multi-GWh scale.
[2.14][2.15][2.16][2.17] [See Appendix B. Revenue Stack and IRR Comparison by Market]

Investment alternatives and recommended entry point

Contracted solar and wind power purchase agreements (PPAs) typically deliver mid-single- to
high-single-digit unlevered internal rates of return (IRR) on 15- to 25-year offtake agreements.
Regulated grid infrastructure sits below that range at 5 to 8 percent with very high revenue
certainty. Contracted BESS positions in Italy and PJM target 8 to 12 percent unlevered with
infrastructure-grade financing available. Merchant BESS in ERCOT or Germany targets 12 to
18 percent and above, requiring active trading capability. Ready-to-build (RTB) acquisitions
command a development premium but compress the path to operation from four to nine
years for greenfield to six to eighteen months, eliminating permitting and interconnection
execution risk. [See Appendix C. Project Typology Matrix]

The recommended entry point for a first deployment is an RTB acquisition in a contracted
market, specifically Italy, MACSE or PJM capacity. This combination delivers bankable
revenue, a realistic 12-month deployment path, and the operational track record needed
before committing capital to greenfield or merchant positions. Germany and Great Britain
represent Tier 2 expansion markets once our platform is operational. CAISO and ERCOT are
appropriate only for us if we have risk capital, a longer time horizon, and an active trading
infrastructure.
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Diligence prioritization

Tier 1 anchor markets are lItaly, for RTB and MACSE contract acquisition, and PJM, for RTB
retrofit into an existing capacity market position. Both offer contracted revenue floors,
realistic 12-month deployment paths, and infrastructure-grade financing. Tier 2 growth
markets are Germany, for merchant arbitrage with the 2026 inertia market as an emerging
additional revenue stream, and the UK, for a capacity market and arbitrage hybrid. These
markets require stronger optimisation capability and are better suited to Tranche 2 once the
platform is operational. Tier 3 selective entry covers CAISO, where Resource Adequacy
contracts remain bankable, but spreads are compressing, and ERCOT, where pure merchant
exposure demands risk capital and a long horizon. The choice of market and entry type
directly conditions the technical sizing logic in Section 3, the development and permitting
risks in Section 4, the supply chain constraints in Section 5, and the QA and QC requirements
in Section 6.

3. Technical Sizing Logic and Investment Drivers

The long-term performance of a BESS project is shaped as much by technical design choices
as by market conditions. Battery chemistry, degradation behaviour, safety architecture, and
system sizing directly influence capital expenditure, maintenance requirements, and a
system's ability to consistently deliver contracted services. For us, these decisions carry direct
financial consequences: the wrong chemistry in the wrong climate compresses project
returns over a 15-year asset life. The wrong duration sizing forfeits capacity market
accreditation and the contracted revenue floor that makes the investment bankable.

Lithium-ion batteries dominate the global grid-scale storage market. Among lithium-ion
technologies, two chemistries account for the vast majority of commercial deployments:
Lithium Iron Phosphate (LFP) and Nickel Manganese Cobalt (NMC). LFP accounts for roughly
40 to 45 percent of global EV battery manufacturing capacity, and NMC approximately 50 to
55 percent. Because the EV sector represents more than 90 percent of total lithium-ion
demand, developments in EV battery supply chains directly influence the cost and availability
of grid-scale storage systems. [3.1](3.2]

3.1 Chemistry selection: temperature, degradation and safety

Temperature is the most consequential environmental variable in chemistry selection. The
case spans deployment regions from Scandinavia and northern Germany to southern Italy
and Texas, a range wide enough to make this distinction material. At temperatures below
zero degrees Celsius, LFP capacity can fall to 80 to 85 percent of rated output, while NMC
retains slightly higher capacity at extreme cold, approximately 70 percent at minus 20
degrees Celsius compared to 50 to 55 percent for LFP. In warmer conditions, the advantage
reverses sharply: NMC capacity fades at 40 degrees Celsius and runs at approximately 4
percent per year at 50 percent state of charge, against approximately 1 percent for LFP. At full
charge and elevated temperature, the gap widens to 10 percent versus 3 percent annually.
[3.3][3.4]
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The difference in thermal safety is decisive for large-scale deployments. LFP batteries have a
thermal-runaway onset at approximately 270-350 degrees Celsius, compared to
approximately 210 degrees Celsius for NMC. Following the Moss Landing incident in January
2025, multiple US authorities having jurisdiction (AHJs) have moved toward explicit LFP
preferences in permitting guidance. The practical conclusion for a cross-continental portfolio
is that LFP is the appropriate default for all markets in the study set, with NMC warranting
consideration only in cold-climate constrained-space installations where energy density is
the binding constraint. [3.5]

Cycle life reinforces the LFP case for ESS applications. LFP achieves approximately 3,000 to
5,000 cycles to 80 percent capacity under moderate temperature conditions, versus 1,000 to
2,000 cycles for NMC. At 45 degrees Celsius, LFP retains approximately 1,500 cycles,
compared to approximately 800 for NMC. Modern utility-scale systems achieve round-trip
efficiency (RTE) of 85 to 95 percent, and availability targets of 95 to 98 percent are standard
in capacity market contracts. Capacity augmentation, adding new modules over time to
maintain contracted output, is now a standard practice for long-duration contracts and must
be budgeted in the financial model. [3.6] [See Appendix D. Chemistry Performance Tables]

3.2 System sizing: duration, power and market alignment

System sizing is defined by two parameters: power capacity in megawatts (MW) and energy
duration in hours. Together, these determine total energy capacity in megawatt-hours (MWh).
The sizing decision is a direct revenue decision: a system with insufficient duration cannot
qualify for full-capacity market accreditation, thereby reducing the contracted revenue floor
that anchors project financing. A four-hour system is the base case for full T-4 accreditation in
Great Britain's capacity market and in PJM's RPM capacity market. Two-hour systems occupy
a niche in frequency regulation and short-duration ancillary services. Systems beyond four
hours are appropriate for renewable shifting and long-duration ESS but carry higher capital
intensity per MW. [3.7]

Undersizing is the more common error in practice. A 100 MW / 200 MWh system designed for
a market requiring four-hour discharge capability effectively loses 50 percent of its usable
capacity for the revenue streams that justify the investment. The resulting revenue shortfall
and potential contractual penalties materially change the IRR. Oversizing, by contrast,
creates capital inefficiency: battery modules typically represent 60 to 70 percent of total
system cost, and unused duration increases payback period without proportionate revenue
uplift. Empirical studies show that oversizing can reduce project returns by 10 to 25 percent
depending on market utilisation rates. The optimal configuration for contracted BESS in the
priority markets of this case is 100 MW / 400 MWh, a four-hour system, as the base case that
maximises capacity market accreditation and revenue stack breadth. [3.8][3.9] [See Appendix
E. BESS Sizing Heat Map by Market]

3.3 Second-life batteries: a limited role at utility scale

Second-life batteries, repurposed EV cells retaining 70 to 80 percent of original capacity, cost
30 to 70 percent less than new cells. Their application at utility scale is constrained by
uncertain remaining lifespan, variable degradation patterns, and the absence of standardised
warranties. For grid contracts requiring capacity market compliance or frequency regulation,
predictable performance and bankable warranty terms are non-negotiable. Second-life
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batteries are relevant for behind-the-meter or lower-obligation applications, not for the
contracted grid positions that anchor our investment case. [3.10][3.11]

4. Development Risks: Interconnection, Permitting and Execution

Every serious BESS investor eventually learns the same lesson. The spreadsheet looks clean,
the market thesis holds, and then the project meets the real world. This section covers the
four failure modes that sit between a modelled return and a connected, revenue-generating
asset: the interconnection queue, the permitting patchwork, the neighbours who can stop a
technically perfect project, and the transformer nobody ordered in time. None of these is a
reason to exit the sector. There are reasons to buy the right development stage and price risk
honestly.

The interconnection queue: where most projects die

As of the end of 2024, 2,300 GW of generation and storage capacity sat in the US
interconnection queue. Of the capacity that applied between 2000 and 2019, only 13 percent
reached commercial operation by the end of 2024. Projects that succeeded paid an average
of 240 dollars per kW in network upgrade costs. Projects that withdrew had been quoted 599
dollars per kW before walking away. Median development time now exceeds four years
nationally, up from under two in the early 2000s. That drag on IRR must be explicitly
modelled. In CAISO, interconnection timelines range from 3 to 4 years under the California
Public Utilities Commission (CPUC)-reformed queue. ERCOT is faster at 12 months, but
arbitrage revenue collapsed 78 percent in two years from 192 dollars per kW in 2023 to 43
dollars per kW by 2025, as volume flooded in. PIM has 170 GW queued with three- to
five-year timelines under the ongoing Federal Energy Regulatory Commission (FERC) Order
2023 reform. In Europe, Italian grid connection for BESS typically runs 18 to 30 months
through Terna, which is a key reason Terna's long-term capacity contracts command a
bankability premium. In Germany, connection timelines routinely reach 24 to 36 months in
congested southern grid zones. A secured grid connection is a scarce, valuable asset. Paying
the RTB premium for interconnection certainty is frequently more value-accretive than
accepting queue risk at a lower entry price. [4.1][4.2][4.3]

Permitting: no two markets play by the same rules

In CAISO, permitting runs through a dual-layer system: state-level California Energy
Commission review combined with AHJ sign-off at the county level. Since the Moss Landing
fire in January 2025, several California counties have imposed temporary moratoriums on
new BESS projects. The Elkhorn Battery thermal-runway event forced the evacuation of
roughly 1,200 residents in Monterey County and prompted the CPUC to launch a full BESS
safety review. LFP's thermal-runway propagation is significantly more controllable than that
of NMC, and several AHJs have since expressed explicit LFP preferences in their guidance. In
Italy, BESS projects require authorisation under the DPR 59/2013 environmental framework
plus Terna grid connection approval: centralised and predictable at 18 to 24 months. In
Germany, the approval process for larger installations falls under the
Bundes-Immissionsschutzgesetz (BImSchG), the Federal Immission Control Act. Southern grid
zones in Bavaria and Baden-Wurttemberg face the longest timelines due to
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congestion-driven upgrade requirements and local opposition. Across all three markets,
community engagement is not a post-approval activity. It is a parallel critical path. Projects
that arrive at a planning hearing without an agreed fire authority response plan, acoustic
mitigation design, and a community benefit framework face a materially different
conversation than those that have addressed all three before filing. [4.4][4.5][4.6]

Community acceptance: the risk that kills projects nobody expected to fail

Community opposition rests on three vectors: noise, fire-safety fear, and visual impact.
Air-cooled BESS systems generate 65 to 75 decibels at 50 feet against residential thresholds
of 45 to 55 decibels. Liquid-cooled design can close 10 to 13 decibels of that gap at the
specification stage, at a fraction of the cost of a noise-triggered planning appeal. Fire safety
fear, amplified by Moss Landing, is disproportionate to actual LFP incident rates but is
politically effective in hearings. Projects that co-develop emergency response plans with
local fire authorities before application filing change that dynamic. Community engagement
is a development capability, not a communications budget. Investors who select
development partners with established local relationships and systematic stakeholder
management experience shorter timelines and lower project mortality. [4.7]

Execution: the transformer nobody ordered in time

Clearing the interconnection and permits does not end the risk. Top-tier EPC contractors,
including Fluence, Tesla Energy, Wartsila, and BYD, ran 12 to 18-month booking horizons
throughout 2025. First-of-type configurations carry contingency requirements of 10 to 20
percent of the EPC contract value. High-voltage (HV) transformers and medium-voltage
switchgear are running 18 to 36-month global delivery windows, driven by data centre
demand competing for the same manufacturing capacity. Some 400 kV orders placed today
quote three to four years. Procurement must start before financial close on any project where
schedule certainty matters. In the US, the Investment Tax Credit (ITC) safe harbour provision,
under IRS Notice 2023-29, creates a genuine strategic lever: documenting 5 percent of project
spend by end-2025 locks in full ITC eligibility for assets placed in service by end-2029.
[4.8][4.9] [See Appendix F. Interconnection Timeline Comparison]

5. Supply Chain and Policy Constraints

This section evaluates the procurement landscape for both Ready-to-Build (RTB) projects,
which involve short-term equipment commitment timelines, and early-stage development
(ESD) projects, where CAPEX assumptions must be verified against current market supply
realities. Our central question, given our risk-averse profile and preference to avoid exclusive
long-term dependence on Asian suppliers, is: what is the optimal balance between domestic
content obligations, cost, technology maturity, and regulatory risk?

European market: no mandatory domestic content, with three forward risks

A non-exhaustive list of battery manufacturers in the European area are shown in Figure 1.
There are currently no legislative requirements in Europe that either mandate or provide
financial incentives for domestic content in BESS systems. Limited exceptions concern the
Power Conversion System (PCS) or the bidirectional inverter component. Lithuania has
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adopted legislation restricting Chinese solar inverters, and the Czech Republic has raised
cybersecurity concerns, reflecting broader European unease about the dependence of critical
energy infrastructure on Chinese technology. These create a procurement constraint only if
Meridian acquires projects in those countries using BESS containers with integrated PCS.
[5.1][5.2] Italy's 2025 renewable energy auction mechanism excludes Chinese components for
smaller photovoltaic (PV) projects below 1 MW, but this does not apply to large-scale BESS
systems. [5.3]

The policy landscape is shifting. On 4 March 2026, the European Commission published the
Industrial Accelerator Act (IAA), a proposed legislative framework to increase demand for
Made-in-Europe low-carbon technologies, including BESS. The IAA is unlikely to enter force
before 2030, but it introduces measures to streamline permitting for industrial manufacturing
and create acceleration areas for new facilities. Projects targeting a commercial operation
date (COD) close to 2030 should have our procurement and legal teams actively tracking this.
[5.4][5.5]

For RTB projects in Europe today, Asian-origin BESS containers are the default procurement
reality. European gigafactory ambitions have underdelivered: announced LFP cell
manufacturing capacity has fallen from more than 2,000 GWh in 2023 to approximately 1,190
GWh by early 2025, of which roughly 673 GWh is led by Asian manufacturers operating
European facilities, including CATL and EVE. The market has corrected toward projects with
robust business cases, but the correction has left European-origin LFP cell supply effectively
non-existent at scale. [5.6] The main Asian suppliers with proven BESS delivery track records
for European projects include CATL, Hithium, Ampace, Hyperstrong, Trina Storage, and Jinko
ESS. BESS integrators with significant track records in Europe include Wartsila, which has
delivered a 6 GWh project in Australia and nearly 3 GWh across Europe, and Fluence with its
smartStack product. Smaller European players such as Elinor in Norway, AceOn Group in the
UK, and Tesvolt in Germany are building market presence but are not yet at scale for their
asset sizes. [See Appendix G. European BESS Supply Chain: Integrators and PCS Suppliers]

Rather than competing on LFP, Europe's strategic opportunity lies in next-generation
chemistries: solid-state, sodium-ion, and lithium-sulfur. Figure 2 shows a non-exhaustive list of
solid state battery manufacturers in the european area. These technologies have not yet been
industrialised at scale, meaning Asian manufacturers hold no decisive lead. Solid-state
battery production in Europe is still in its early stages, but it represents a viable procurement
option for projects targeting COD in the 2030 to 2033 window, particularly where
long-duration storage is a key revenue driver.

Where European procurement offers competitive depth is at the PCS and medium-voltage
(MV) station levels (shown in Figure 3), when BESS architecture separates the inverter from
the container. Several European PCS and MV suppliers are well established, with cost
premiums of up to 10 to 15 percent versus Asian alternatives. Sungrow and Huawei have also
been among the most acclaimed suppliers, with a primary focus on power electronics,
notably inverters. As their products are mainly integrated container-plus-PCS options, though,
it is not the preferred solution for Meridian Capital's supply chain strategy.

Three additional considerations apply to any European project we evaluate. The Carbon
Border Adjustment Mechanism (CBAM) became fully effective from 1 January 2026, initially
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covering upstream carbon-intensive materials such as iron, steel, and aluminium. High-value
BESS equipment is not yet included, but the European Union has proposed expanding the
CBAM to downstream finished products starting in 2028. The medium-term CAPEX exposure
is real and depends on certificate pricing, product carbon footprints, and final scope
determinations. Our mitigation is straightforward: prioritise suppliers that can demonstrate
low carbon footprints and source closer to Europe, where feasible. [5.7] Grid modelling for
Type D projects above 25 MW requires complex simulation studies using PSCAD and DigSilent
software, which TSOs can take a year or more to review and approve. For any RTB acquisition
in Europe, we must verify during due diligence whether these models have already been
prepared and approved. If not, the seller effectively locks the PCS supplier selection, and any
change resets the clock. [5.8] Environmental, Social and Governance (ESG) requirements for
supply chain traceability (see Figure 5) are an increasing condition of project financing and
must be embedded in procurement contracts before close, not appended as a post-close
deliverable. [5.9]

US market: domestic content as a binary investment filter

In the United States, domestic content is not a preference. It is a financial gating condition.
The Inflation Reduction Act (IRA), enacted in 2022, created two relevant credits for
standalone BESS projects. Section 48E, the Clean Electricity ITC, provides an upfront credit of
30 percent of total project investment and is the primary mechanism for standalone storage.
This was a landmark policy change: for the first time, batteries qualified for ITC without
requiring pairing with solar or wind generation. Section 45Y, the Clean Electricity Production
Tax Credit, applies on a per-kWh basis and is relevant when storage is paired with a
generation asset. Both credits carry a domestic content bonus adder of 10 percent for
projects meeting defined thresholds for US-manufactured components. [5.10]

The One Big Beautiful Bill (OBBB) Act, which entered force in July 2025, added the Foreign
Entity of Concern (FEOC) framework as a hard gating condition. Any BESS project where
covered components originate from a FEOC-designated entity, meaning any supplier where a
FEOC-linked firm holds 25 percent or greater ownership or board control influence, forfeits
ITC eligibility entirely. ALl major Chinese cell manufacturers, including CATL, BYD, Gotion,
EVE, and Hithium, are FEOC-designated. The threshold for non-FEOC material cost stands at
55 percent in 2026, rising to 75 percent by 2030. Non-compliance eliminates all credits. This is
a binary investment filter, not a compliance nuance. [5.11]

The FEOC constraint is more severe in practice than it appears on paper. Even Tesla, one of
the most established BESS integrators in the US market, currently sources LFP cells for its
Megapack 3 product largely from non-US suppliers, including CATL. Tesla Megapack 3 does
not fully qualify for domestic content bonuses today. Tesla is transitioning to
US-manufactured cells through partnerships with LG Energy Solution, but this shift is unlikely
to be completed for projects with COD before 2027. The implication for our RTB pipeline is
direct: the most recognisable BESS integrator in the US market is itself grappling with a FEOC
compliance issue. Supply chain verification must reach the cell level, not stop at the
integrator name. [5.12]

The OBBB also eliminated the 5 percent cost safe harbour for large-scale projects. Safe
harbour must now be achieved through actual physical construction or off-site
manufacturing, with a hard deadline of 4 July 2026. In practice, RTB projects achieve this by
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procuring long-lead HV transformers or HV circuit breakers, with lead times of 20 to 40
months. Tracker suppliers NextPower and Nevados have established alternative safe harbour
pathways using DC combiner boxes and torque tubes, respectively, offering lower upfront
cost but carrying residual risk on HV equipment availability. [5.13]

For RTB projects targeting 2026 COD, FEOC-compliant supply options are limited and
partially committed. The credible domestic pipeline consists of Envision AESC in Tennessee,
operational from early 2025 and already supplying Fluence; GM and LG Energy Solution
adding LFP lines to their Ultium joint venture in Tennessee and Ohio; and GM and Samsung
SDI constructing an Indiana plant with LFP production scheduled from 2027. LG Energy
Solution also maintains assembly capacity in Michigan. Non-FEOC LFP cathode producers
outside China include L&F and POSCO Future M in Korea, Mitra Chem in Michigan, ICL in
partnership with Aleees in St. Louis, and LG Chem in Indonesia. Multi-year supply agreements
with these producers are now a bankability requirement: lenders underwriting ITC-eligible US
BESS projects are requiring evidence of FEOC compliance as a condition of credit approval.
[5.14][5.15] [See Appendix H. US LFP Capacity Forecast 2025 to 2030]

BESS deployment in the US was 98 percent lithium-ion-based in 2025. Sodium-ion technology
remains nascent: Peak Energy, a US startup, is deploying 720 MWh for Jupiter Power, with 4
GWh reserved for 2030. For our current investment horizon, sodium-ion is viable only if
reliable operational data and proven financing structures are available before commitment,
neither of which is currently in place at the required scale. [5.16]

6. QA/QC and Testing Standards

Quality assurance and quality control (QA/QC) for a BESS project is not a compliance
exercise. It is a value protection mechanism. For us as investors, the QA/QC programme
determines whether the asset delivered matches the asset modelled: whether the round-trip
efficiency assumption holds, whether the degradation curve is defensible, whether the
warranty can be enforced, and whether the grid operator will accept the system at
commissioning. A BESS project that fails at FAT (Factory Acceptance Test) or SAT (Site
Acceptance Test) does not generate revenue. A project that passes a weak FAT and
accumulates early-life cell failures destroys returns over a 15-year holding period.

The QA/QC programme must provide independent, auditable evidence that the delivered
system meets the technical, safety, and performance assumptions embedded in the financial
model and contractual documentation. From a lender perspective, the objective is to reduce
uncertainty across three dimensions: performance delivery, including efficiency, availability,
and curtailment constraints; lifecycle behaviour, including degradation, augmentation
exposure, and replacement allowances; and safety and compliance, including fire risk
management, grid code acceptance, and operational readiness.

Stage-gated architecture

A six-phase structure mirrors the natural project lifecycle. Phase 1 covers Procurement QA
and supplier qualification: factory audit of cell grading methodology, process capability
controls, rework policy, and calibration integrity; OEM bankability screening covering
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installed base, field issue history, service footprint, and cybersecurity controls; and warranty
enforceability review verifying alignment between warranty triggers and the planned
operating regime. Phase 2 covers Manufacturing QA: batch acceptance with document gates
requiring Certificate of Conformance or Analysis, traceability lists linking serial ranges to
production batches, forming and grading distributions, and logistics condition records;
statistical sampling per Acceptable Quality Level (AQL) procedures with cell-level capacity,
internal resistance, and open-circuit voltage checks; and homogeneity limits on within-batch
variation to mitigate balancing stress and early-life failures. Phase 3 covers the Factory
Acceptance Test: functional validation of Battery Management System (BMS) and Energy
Management System (EMS) logic, alarms and trips, thermal management performance, and
pre-shipment inspection against inspection and test plans with hold points; independent
witness testing at critical hold points; and non-conformance report (NCR) and corrective
action and preventive action (CAPA) management with root cause analysis and verified
closure.

Phases 4 through 6 cover logistics and site receipt, site installation quality, and
commissioning and Site Acceptance Test. The commissioning phase includes the energisation
sequence, protection settings, metering and telemetry compliance, and grid code
performance testing per TSO and distribution system operator (DSO) requirements. Safety
and operational readiness validation verifies fire detection and mitigation interfaces and
emergency procedures before commercial operation. Performance baselining establishes
measured reference KPIs, including round-trip efficiency, auxiliary loads, thermal derating
and availability, to support warranty enforcement and long-term asset management.

The bankability output of the QA/QC programme is a documented inspection and test plan
for FAT and SAT with defined hold points and acceptance criteria; a complete evidence pack
covering traceability records, certificates, test results, and NCR and CAPA closure
documentation; and a set of bankable technical assumptions for the financial model,
including availability, efficiency, degradation trajectory, throughput, and replacement
allowances with clearly defined sensitivities. [See Appendix I. QA/QC Standards Reference
and Stage-Gate Framework and Figure 4 for an example of sustainability audits.]

Supply chain and regulatory bankability

Beyond the six-phase QA/QC framework, BESS projects entail a compounded regulatory risk
set that must be translated into enforceable procurement controls. Contractual change
governance requires BOM (bill of materials) freeze points, mandatory Product Change
Notification (PCN) procedures, approval thresholds, and remedies for non-conforming
substitutions, as any uncontrolled change to cell chemistry, BMS firmware, or thermal
management components can alter the degradation behaviour and warranty coverage
assumed in the financial model. Traceability obligations require shipment-level
documentation to cell batch, production line, and manufacturing date, supported by
transport-condition records. A policy-aware procurement strategy must define the allocation
of tariff and incentive risk, the compliance responsibilities among the owner, EPC contractor,
and original equipment manufacturer (OEM), and the scheduling of remedies aligned with
financing milestones. Grid compliance and permitting workstreams must be integrated from
the front end of project development rather than deferred to commissioning.
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Synthesis and Discussion Questions

The six sections above have mapped the analytical landscape for a cross-continental BESS
investment decision. We have presented data, frameworks and orientations. We have not yet
made the decision. That is the work of our committee.

The market case is real and structural. The revenue frameworks across lItaly, PJM, Great
Britain and Germany are differentiated but quantifiable. The technical defaults are
defensible: LFP for chemistry, four-hour duration for contracted markets, RTB acquisition as
the first entry point. The development risks are manageable but specific: interconnection
queue position, FEOC-compliant supply chain, safe harbour documentation, and community
engagement capability all determine whether a modelled return becomes an actual return.
The supply chain environment in the US is entering a critical 2026 to 2027 transition window,
during which FEOC enforcement and domestic supply constraints will separate investors who
planned ahead from those who did not.

We can build a conservative contracted platform anchored in Italy MACSE and PJM capacity,
targeting 8 to 12 percent unlevered with infrastructure-grade financing. We can blend that
contracted base with merchant exposure in Germany or Great Britain, targeting 11 to 14
percent blended. We can commit to a growth programme that builds toward greenfield
development in undersupplied markets from Year 3, targeting 15 percent and above across
the programme lifecycle. Each of these positions is internally consistent with the data
presented in the case. What the data does not decide is our own risk posture, return
threshold, organisational capability, and time horizon.

Working in your teams, and drawing on the case text, the exhibits, and your own analytical
frameworks, we must address the three questions below. Each question carries equal weight
in the discussion. Our answers should be specific, defensible, and honest about the
assumptions they rest on.

Step 1. Choose our risk profile

Define the risk posture we are prepared to adopt for our initial BESS portfolio. Consider: the
stage of project development we are willing to enter (RTB, late-stage, greenfield); the
geography (US-only, Europe-only, blended); the revenue structure we require (fully
contracted, mixed, merchant); and the minimum return threshold that would justify the risk
we are accepting. Be explicit about what we are ruling out and why. A well-defined risk
profile is as much about the investments we decline as the ones we pursue.

Step 2. Shortlist our project mix and locations

Given our risk profile, propose a shortlist of 3 to 5 project types or market positions for
deeper due diligence. For each, specify: geography and ISO/market, project typology,
estimated capacity and duration, primary revenue streams, and the one diligence question
we would need answered before committing capital. We may use the project typology matrix
in Appendix C as a starting point.
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Step 3. Define our success factors

Twelve months after the first deployment, what would success look like? Define no more than
five key performance indicators, financial, operational and strategic, that would signal our
programme is on track. For each indicator, specify the threshold that would trigger a
programme review. Also consider the governance structure: who owns the decision to
expand, pause, or exit the programme, and on what information?

Questions

1. What risk posture should we adopt for our initial BESS portfolio, and what does that
posture rule out as well as rule in?

2. Given that risk posture, which specific market positions and project types should we
shortlist for deeper due diligence, and why?

3. Twelve months after the first deployment, how will we know whether our programme
is on track?
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Exhibits

Powering the Grid: De-Risking BESS Deployment Across Two Continents

Appendix A. Market Capacity Comparison (Section 1)

Source: SEIA, EIA, Terna TYNDP, REPowerEU, BloombergNEF. [1.1][1.2][1.3]

Installed BESS 2030 Projection / Key Policy Driver
(2024/2025) Policy Target

US National

ERCOT

CAISO

PJM

Great Britain

Germany

Italy

26 GW /137 GWh
cumulative

~16 GWh operational
(2025)

15-17 GW operational

Low BESS saturation

Mature; 15-year CM
contracts

Rapid growth; fully
merchant

Early stage; MACSE
auction 2024

SEIA: 600+ GWh by
2030

Rapid growth; no
formal target

Regulatory-driven
expansion

Data-centre demand
driving RPM

Net Zero: major
expansion

REPowerEU: 100 GW
storage by 2030

Terna TYNDP:
significant expansion

IRA ITC; FEOC compliance

Merchant; no capacity market

RA contracts; CPUC mandates

Capacity market +
stack

regulation

Capacity Market; FFR/DC

Inertia market 2026; no CM yet

MACSE tolling + CM 15-year

©Battery Associates
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Appendix B. Revenue Stack and IRR Comparison by Market (Section 2)

Source: Modo Energy, Timera Energy, Gridcog, Green Dealflow, BloombergNEF. [2.3]-[2.17]

Primary Revenue Contracted Floor | Indicative CEO Risk Signal
Unlevered IRR

ERCOT Energy arbitrage None 12-18%+ Revenue fell 80% in 2
(>70%) (merchant) years. No floor.
CAISO RA contracts + DA Yes: RA avg. 8-12% Bankable. Spreads
arbitrage $8.77/kW H1 (contracted base) = compressing 45% YoY.
2025
PJM RPM Capacity Yes: 8-12% Highest US revenues.
Market + regulation = $269.92/MW-day = (contracted) Interconnection
2025/26 backlog.
Great CM 15-yr + energy Yes: CM floor 8-11% (CM + Mature floor.
Britain arbitrage arbitrage) Ancillaries fell 67%
since 2022.
Germany FCR/aFRR + DA None 12-18%+ Best arbitrage in
arbitrage (merchant) Europe. Fully
merchant.
Italy MACSE 15-yr tolling = Yes: MACSE + CM = 8-12% Most bankable EU
+CM 15-yr (contracted) market. Multi-GWh
only.
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Appendix C. Project Typology Matrix (Section 2)

Operational /
Brownfield

RTB Acquisition

Late-Stage
Development

Greenfield

Already operating Immediate

Permits cleared; 6-18 months
interconnection

secured

Late permitting; 18-36 months
interconnection in

progress

Site identified; no
permits or
interconnection

4-9 years

Lowest: revenue
visible now

Low: development
risk absorbed

Moderate: permitting
exposure remains

Highest: full
development
exposure

Typology Stage at Entry Risk Profile Priority Market
coD

Any market

Italy MACSE; PJM
capacity

UK CM; PIM

Year 3+ only

©Battery Associates
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Appendix D. Chemistry Performance Tables (Section 3)

Source: Bonnen Batteries [3.3]; NREL [3.4]; Motawill [3.5]; HeatedBattery [3.6]

Table D1. Battery capacity at different temperatures [3.3]

‘ Temperature Range LFP Capacity NMC Capacity

Below -20 deg C ~50-55% ~70%
Below 0 deg C ~80-85% ~78%

25 deg C (room temperature) ~100% ~100%
Above 25 deg C (warm -~97-105% ~97-105%
conditions)

Table D2. Capacity degradation at elevated temperature [3.3]

‘ LFP Annual Capacity Fade NMC Annual Capacity Fade

40 deg C, 50% State of Charge ~1% per year ~4% per year

40 deg C, 100% State of Charge ~3% per year ~10% per year

Table D3. Thermal safety and cycle life comparison [3.5][3.6]

=

Thermal runaway onset ~270-350 deg C ~210degC

Cycle life (moderate temperature, to 3,000-5,000 cycles 1,000-2,000 cycles
80% capacity)

Cycle life at 45 deg C ~1,500 cycles ~800 cycles
Round-trip efficiency (typical) 85-95% 85-92%
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Appendix E. BESS Sizing Heat Map by Market (Section 3)

Source: IEA Electricity Storage Valuation Frameworks [3.7]; NREL Utility-Scale Battery Storage [3.8];
BloombergNEF EMOS [3.9]; Lazard LCOS [3.8]

Table E1. BESS sizing by application [3.7][3.8]

Application Power Typical Revenue Driver Capacity
Requirement Duration Market
Eligible?
Frequency Regulation = 50-200 MW 0.5-2 hours Fast response; Partial (UK
ancillary service price | 2h minimum)
Intraday Arbitrage 50-150 MW 2-4 hours Energy price spreads Yes (PIM,
Italy at 4h)
Peak Shaving / 100-300 MW 3-6 hours Capacity value; Yes (full at
Capacity RPM/CM 4h)
Renewable Shifting 50-200 MW 4-8 hours Renewable Yes (at 4h+)
integration;

curtailment recovery

Table E2. Illustrative profitability heat map: duration vs power [3.8][3.9]

1-2 hours High (ancillary niche) = High (ancillary niche) = Medium
3-4 hours High VERY HIGH (optimal) = Medium
5-6 hours Medium Medium Low

7-8 hours Low Low Very Low
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Appendix F. Interconnection Timeline Comparison (Section 4)

Source: Lawrence Berkeley National Laboratory Queued Up 2024 [4.1]; ERCOT 2025 [4.2]; FERC Order
2023 [4.3]; Terna Codice di Rete 2024 [4.5]; Bundesnetzagentur NEP 2024 [4.6]

Market / TSO Typical Key Bottleneck RTB Premium Signal
Timeline

CAISO (US) 3-4 years CPUC-reformed queue; Justified: high queue mortality
county AHJ dual layer rate

ERCOT (US) ~12 months Fast queue; merchant Speed premium; no revenue
revenue compression is the | floor
risk

PJM (US) 3-5 years FERC Order 2023 reform; High capacity value;

Terna (Italy)

18-30 months

170 GW queued

Centralised; reasonably
predictable

first-mover window

Strong bankability premium
for RTB

50Hertz/TenneT 24-36 months = Congested south; local Avoid greenfield in Bavaria
(Germany) opposition and Baden-Wurttemberg
National Grid 18-24 months  CM auction timing; offshore = CM contract secures the
(UK) wind competition contracted floor
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Appendix G. European BESS Supply Chain: Integrators and PCS Suppliers (Section 5)

Source: Battery Atlas 2026 [5.6]; Wartsila project data [5.6]; supplier market data.

Type Cost vs Asian
Benchmark

CATL / Hithium / China LFP cell + Benchmark FEOC-designated
Ampace container post-2026 for ITC; EU
RTB viable
Trina Storage / China LFP container = At benchmark Growing EU track
Jinko ESS record
Wartsila Finland BESS Premium 6 GWh Australia; 3 GWh
integrator Europe
Fluence US/Germany BESS Premium Strong US and EU track
(smartStack) integrator record
Sungrow / China Integrated Benchmark Buy cells from EVE;
Huawei PCS + winning large EU GWh
container
SMA Solar (DE) Germany PCS Up to 10% Reputable EU grid
premium compliance track
record
Ingeteam (ES) Spain PCS + MV Up to 10% Strong Iberian and EU
premium presence
Fimer / ABB Italy/Switzerland = PCS + MV Up to 15% Type D grid compliance
(IT/CH) premium expertise
Siemens Energy  Germany PCS + MV Up to 15% HV/MV capability; grid
(DE) stations premium code compliance
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Appendix H. US LFP Capacity Forecast 2025 to 2030 (Section 5)

Source: Clean Investment Monitor 2025 [5.14]; Argonne National Laboratory NA Battery Supply
Through 2035 [5.15]; Battery Associates analysis.

Year US Domestic LFP Key Milestone FEOC Threshold
Capacity (GWh est.)

2025 10-20 Envision AESC TN operational; 55% non-FEOC (from 2026)
first domestic commercial LFP

2026 40-60 FEOC enforcement begins; tariffs = 55% required
rise; more lines online

2027 80-120 GM-Samsung SDI Indiana LFP 65% (estimate)
production begins

2028 120-160 Further scaling, additional 70% (estimate)
retrofits, and IRA compliance
pressure peaks

2029 150-180 FEOC threshold rises to 75%; 75% required
domestic pack production is
essential

2030 ~200 Full pipeline realised 75%-+
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Appendix I. QA/QC Standards Reference and Stage-Gate Framework (Section 6)

The six-phase framework spans: Phase 1 Procurement QA, Phase 2 Manufacturing QA, Phase 3 Factory
Acceptance Test, Phase 4 Logistics and Site Receipt, Phase 5 Site Installation QA, Phase 6
Commissioning and Site Acceptance Test.

IEC 62619

UL 9540A

NFPA 855

I1SO 9001

MIL-STD-1916

IEC 61850

IEC 62933-5-2

IEC 61936
IEEE 1547

Safety requirements for secondary lithium cells in
industrial applications

Thermal runaway fire propagation test for BESS

Standard for the installation of stationary energy
storage systems

Quality management systems requirements

Preferred sampling procedures (AQL) for inspection
by attributes

Communication networks for power utility
automation

Safety requirements for grid-integrated energy
storage systems

Power installations exceeding 1 kV AC

Interconnection and interoperability of distributed
energy resources

Phase 1-2

Phase 1, 3, 6

Phase 5-6

All phases
Phase 2

Phase 3, 6

Phase 5-6

Phase 5-6
Phase 6

©Battery Associates
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The following matrix covers 5 dimensions (financial, technical, regulatory, environmental, and
operational), each with 3-5 key drivers a CIO would consider before committing capital to a large-scale
BESS project.

Financial Technical Regulatory Environmental Operational
Technology maturity Cycle performance & Grid integration complexity
Weight: 4/5 Score degradation Weight: 3/5 Score
5 Weight: 4/5 Score 5
7
Thermal & safety standards Scalability & modularity
Weight: 5/5 Score Weight: 3/5 Score
8 5

Weighted score breakdown

Driver Score * weight Score  Weighted

—— o
dograation
degradation 7/10-w4 7h0 28

Grid integration complexity R EES 510 15
Thermal & safety standards 8f10 40
Scalability & modularity 510 15

Switch between dimension tabs to set scores (1-10) for each driver. Each driver carries a pre-assigned
weight (1-5) reflecting its relative importance to investment decisions. The overall readiness score
aggregates all weighted scores across all dimensions, and a verdict is updated in real time.

The weight logic reflects typical CIO priorities in BESS deals: revenue stack certainty, safety standards,
OEM warranty bankability, and market dispatch rules carry the highest weights, since these are the
primary bankability and risk-transfer levers lenders and sponsors scrutinise most closely.
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Figure 1: Battery cell manufacturers - non-exhaustive list

Powering the Grid: De-Risking BESS Deployment Across Two Continents

Battery Cell
Manufacturers
as of February 2026
SWEDEN
NONQ gothenburg 2026 50 GWh (Paused)
8 Mariestad 2030 X GWh
LY TEN Skelleftea X XGWh
GREAT BRITAIN
AGRATAS Sommerset 2027 40 GWh
AESC_Sunderland 2030 35 GWh
FRANCE
G ravst Douvrin 2029 5GWh
QCC pouvrin 2030 40 GWh
M~ Dunkirk 2030 50 GWh
e Quimper 2032 25CWh
AESC pouai 2029 30 GWh
ZEEPS Dunkirk 2030 16 GWh
PORTUGAL
|— cas Sines 2028 15GWh
SPAIN
Powerco sagunt 202X 40 GWh
T Viteria-Gasteiz 2027 10 GWh
Navaimoraldelatata 2025 50 GWh
Zaragoza 20XX 50 GWh
8ot _valladolid 2029 32GWh

Authors: Gerrit Bockey, Heiner Heimes
(PEM of RWTH Aachen University)

— NORWAY
MORHON  Agder 20XX XGWh  (Paussq)
BEYONDER  Rogaland 202X X GWh
=
— GERMANY
i Willstatt 2020 25GWh
POwerCo sakzgiter 202X 40 GWh
CATL Erfurt 202X 14CWh
E&S  Nordhausen 202X 05GWh
T LY TEN Heide 202 XGWh
L UniverCell  Flintbek 2026 10 GWh
TESLA  Gronheide 2027 XGWh
VeDRIVE Nordlingen 2024 XGWh
POLAND -
@ LG EnergySokition  Wroclaw 2025 115 GWh

SLOVAKIA

—

TnoBal  voderady 2020 10 GWh
TNOBai#oen  Surany 202X 40 GWh
[ HUNGARY ‘_I
CATL Debrecen 2025 100 GWh
EVE Debrecen 2026 28 GWh
SAMSUNG God 202X 40 GWh
S€%.un KOMArom & ivancsa 2028 47.3 GWh
SUNUJODA  Nyiregyhaza 202X X GWh
ITALY "
FAEM  Terewvola 2024 BGWh
SERBIA-——
nogal Serbia 2032 32GWh
<% Subotica 2027 48GWh
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Figure 2: SSB manufactures - a non-exhaustive list

SOLID-STATE

BA-CS-086

BATTERY MANUFACTURERS

Solid-State Battery Publshed by Phase
Manufacturers
as of January 2026 . 'y
*R&D e
* Ramp-up ~ \\
*Launched _/\r .
%2\‘-., M
—GREAT BRITAIN y [~ NORWAY
Wesdquartes Solid slectioite  Founded Headauarter Soldalectrolyin  Founded
ilika Romsey Oxide 2009 B o 4= ensurce  Oslo Oxidex 2012
@ LiNaEnergy  warrington oxide! 2017 .
= % = |
52, Cambridge Polymer 2022 H i a
LV Hoadauartes Soidslectrolyte  Founded
= 1 2.3 .
—NETHERLANDS —————————————, . BOKERA  Garching Oxide 2024
Hasdquarter Solid slactota  Founded T P ' —5} f’ 2 theion  Berlin Polymers 2020
HYET, Arnhem Unknewn 2022 I . ~
2 | y
[ Y —FRANCE {
—BELGIUM ) @) - r "1 Hesdauarter Solid lectiolte  Founded
Headquarter Solid electialyte  Founded " TR ,{ Hucsobines  Ergué-Gabéric  Polymer 20m
AVESTA  Ninove f:,'g:; 2023 ,_/ > ITEN Dardily Oxide* 20m
Eamoiimon  GinTruiden Composite 2021 A Toulouse Polymer 2003
oo TagyusnCity'  Oxide 2006
—SPAIN - —
Headguarter Seigalectraite  Founded ~— SWITZERLAND
osar  vioiscaser NS, 2om O
Hgser Fravenfeld HPB license 2022
1 Sodium-metal chloride battery —ITALY | i
N t ¢
!m:‘n:a‘mh:ézbanenﬁ R y Hesdauartar Solidelectrolte  Founded

“Thin-film battery
s Production facility planned in Dunkirk

P

i
»
Wa

Selection as an “S5B manufacturer” if solid electrolyte is processed.
“Ramp-up” phase can include construction phase. All data based on official announcements.

FAAM  Monterubbiano Unknown 2025
GQenergy  Villa Minozzo Unknown 2017

Authors: Dennis Kim, Jan Felix Plumeyer,
Tobias Allex, Heiner Heimes.
(PEM RWTH Aachen University}
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Figure 3: BESS architecture where PCS and BESS are separated

PCS & MV station

-
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Figure 4: Sustainability audit example

ESG & Sustainability Audits

* Onsite Audit to check Supplier’s ¢ Remote Audit to evaluate the
compliance to Environmental, supplier’s values-driven
Social and Governance principles procurement program, and how it
is implemented to qualify sub-
« Audit sections include suppliers
environmental policies and
practices, waste management, ¢ Audit Sections include:
recycling practices, employee * Corporate Social Responsibility

management, health and safety,
business integrity, responsible
sourcing

 Code of Conduct

o Supplier Qualification
Management

BA-CS-086

* System boundary and
methodology review

* Review of independent
verification and state mandated
benchmarks and limitations

* Scope 1, 2, and 3 (optional) GHG
emissions evaluation

* Assessment and
recommendations

PV, BESS

28
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Figure 5: An illustration of traceability services

Supply Chain Traceability Services

Pre-production During and after production

ESG & Traceability

Contract Exhibit Review

* Review and gap analysis
of ESG and Traceability

Contract Exhibits

* Negotiation support
and improvements on
audit conditions and

requirements, chain of

custody
documentation,
sampling verification
method

* Final Exhibits delivered

Supply Chain Mapping
(scMm)

* Remote Evaluation to
screen supplier risks in
terms of:

* Geography
* Reputation
* Trade Compliance

* Direct & indirect
supplier relationships
along the levels/nodes
upstream to provenance

Traceability Systems
Audit - Onsite (TSA)

* Onsite Audit to check
the supplier’s
traceability system
through SOPs, systems,
and record keeping

* Audit Sections include:
* Purchasing
* Warehousing
* Production
* Packaging for
Shipment

« Samples are drawn and
traced to fullest extent
possible

Production Traceability
Audit-
Onsite/Remote (PTA)

* During production,
samples are selected to
check traceability for
the specific project

* Aligned with Quality
Assurance sampling (PSI
or FAT)

* Suppliers submit the
agreed document
package to Intertek CEA
for verification that
production meets
supply chain
requirements

n

Post-Production
Traceability Audit -
Remote (P-PTA)

* For products or
components that have
already been produced,
serial numbers are
selected to check
traceability for the
specific project

* Follows custom client
requirements on
sampling and level of
verification

* Remote audit of
document package
submitted by supplier
for verification

oY B YOS oS oY EES
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Abbreviations and Key Terms

Al: Artificial Intelligence.

AHJ: Authority Having Jurisdiction. The local or state body responsible for enforcing codes
and issuing permits for energy storage installations.

AQL: Acceptable Quality Level. A statistical sampling standard used to define the maximum
acceptable percentage of defective items in an incoming lot.

BESS: Battery Energy Storage System. A grid-connected or behind-the-meter system that
stores electrical energy in batteries and dispatches it on demand.

BImSchG: Bundes-Immissionsschutzgesetz. German Federal Immission Control Act. The
primary environmental licensing law governing large energy infrastructure projects in
Germany.

BMS: Battery Management System. An electronic system monitoring and managing battery
cell voltage, temperature, state of charge, and state of health.

BOM: Bill of Materials. The comprehensive list of components, sub-assemblies and materials
required to manufacture or assemble a product.

BTM: Behind the Meter. A BESS installation co-located with a load on the customer side of the
utility meter.

CAISO: California Independent System Operator. The grid operator managing the
high-voltage transmission system across most of California.

CAPEX: Capital Expenditure. The upfront investment required to design, procure, and
construct a BESS project.

CAPA: Corrective Action and Preventive Action. A process for identifying root causes of
defects and implementing measures to prevent recurrence.

CBAM: Carbon Border Adjustment Mechanism. The EU's climate policy tool imposing carbon
pricing on carbon-intensive imports.

CM: Capacity Market. A mechanism in Great Britain and Italy through which generators and
storage assets receive payments for being available to provide power when needed.

COD: Commercial Operation Date. The date on which a project begins generating revenue
under its contractual agreements.

CPUC: California Public Utilities Commission. The state regulatory body overseeing
investor-owned utilities and energy storage permitting policy in California.

DC: Dynamic Containment. A fast-frequency response service in Great Britain's electricity
market used to contain frequency deviations within defined limits.
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DSO: Distribution System Operator. The entity responsible for operating the medium and
low-voltage electricity distribution network in a given territory.

EIA: US Energy Information Administration. The federal statistical agency responsible for
collecting, analysing and disseminating energy information.

EMS: Energy Management System. Software that monitors, controls, and optimises the
performance of a BESS and its interaction with the grid.

EPC: Engineering, Procurement and Construction. The contract structure under which a single
contractor delivers a complete operational project for a fixed price and schedule.

ERCOT: Electric Reliability Council of Texas. The grid operator managing approximately 90
percent of Texas electric load.

ESG: Environmental, Social and Governance. A framework for evaluating the sustainability
and ethical impact of an investment or business operation.

ESD: Early-Stage Development. BESS projects at a stage where permits and grid connection
have not yet been secured.

FAT: Factory Acceptance Test. A test conducted at the manufacturer's facility to verify that
equipment meets contractual and technical specifications before shipment.

FCR: Frequency Containment Reserve. A fast-response ancillary service in Germany and
continental Europe used to maintain grid frequency within defined limits.

FEOC: Foreign Entity of Concern. A designation under US law identifying suppliers from
certain countries, primarily China, whose components reduce or eliminate ITC eligibility for
battery projects.

FERC: Federal Energy Regulatory Commission. The US federal agency regulating the
transmission and wholesale sale of electricity in interstate commerce.

FFR: Fast Frequency Response. A rapid-response ancillary service in Great Britain's electricity
market.

GWh: Gigawatt-hour. Unit of energy equal to one billion watt-hours. Standard unit for
expressing battery manufacturing capacity and grid storage deployment.

HV: High Voltage. Transmission-level electrical infrastructure above 35 kV. HV transformers
are the longest-lead procurement item in most utility-scale BESS projects.

IAA: Industrial Accelerator Act. European Commission proposed legislative framework
published March 2026 to increase demand for Made-in-Europe low-carbon technologies.

IPP: Independent Power Producer. A private company that generates electricity and sells it
into wholesale markets or under long-term contracts, without owning the transmission or
distribution infrastructure.

©Battery Associates 31



Powering the Grid: De-Risking BESS Deployment Across Two Continents BA-CS-086

IRA: Inflation Reduction Act (US, 2022). Federal legislation providing investment tax credits,
production tax credits, and manufacturing credits for clean energy projects and domestic
battery production.

IRR: Internal Rate of Return. The discount rate at which the net present value of a project's
cash flows equals zero. Primary financial metric for evaluating BESS investments.

ITC: Investment Tax Credit. A US federal tax credit equal to 30 percent of the eligible basis of
a qualifying energy project. Requires FEOC-compliant sourcing to be claimed in full.

KPI: Key Performance Indicator. A measurable value that demonstrates how effectively an
organisation is achieving key business objectives.

LFP: Lithium Iron Phosphate. A lithium-ion battery chemistry using iron phosphate as the
cathode material. Preferred for utility-scale BESS for thermal stability, cycle life, and cost
advantage over NMC.

LMP: Locational Marginal Pricing. The pricing methodology used in nodal US electricity
markets, where each grid node has its own real-time price reflecting local supply, demand,
and transmission constraints.

MACSE: Mercato della Capacita per lo Storage (ltaly). Italy's dedicated 15-year capacity
auction mechanism for BESS, operated by Terna.

MSD: Mercato dei Servizi di Dispacciamento. The Italian ancillary services market through
which Terna procures balancing services including fast-response storage.

MV: Medium Voltage. Electrical infrastructure is typically between 1 kV and 35 kV. MV
stations and switchgear are key BESS balance-of-plant components.

NCR: Non-Conformance Report. A formal document identifying a product or process that
does not meet specified requirements.

NMC: Lithium Nickel Manganese Cobalt Oxide. A lithium-ion chemistry with higher energy
density than LFP but greater thermal sensitivity and higher cell cost.

NFPA 855: National Fire Protection Association Standard 855. US standard for the installation
of stationary energy storage systems.

OBBB: One Big Beautiful Bill Act (US, 2025). Federal legislation extending and modifying
FEOC restrictions and ITC eligibility rules for battery storage projects.

OEM: Original Equipment Manufacturer. In this context, the manufacturer of battery cells or
BESS containers.

PCN: Product Change Notification. A formal process by which a supplier notifies a customer
of a proposed change to a product or manufacturing process.

PCS: Power Conversion System. The inverter and related power electronics that convert DC
power from battery cells to AC power for grid injection.
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PJM: PJM Interconnection. The largest US regional transmission organisation, operating the
grid across 13 states and the District of Columbia.

PPA: Power Purchase Agreement. A long-term contract for the sale of electricity between a
generator and an offtaker at an agreed price.

PV: Photovoltaic. Solar panels that convert sunlight directly into electricity.

QA/QC: Quality Assurance and Quality Control. The set of processes and procedures used to
ensure that products and services meet defined requirements.

RA: Resource Adequacy. A regulatory mechanism in CAISO and other markets requiring
load-serving entities to contract for sufficient generating capacity to meet peak demand.

REPowerEU: European Commission plan (2022) to reduce dependence on Russian fossil fuels
and accelerate clean energy deployment across the EU.

RPM: Reliability Pricing Model. PJM's capacity market auction mechanism that procures
capacity commitments from generators and storage three years in advance.

RTB: Ready to Build. A project stage at which interconnection is secured, permits are cleared
or near-cleared, and the project is ready for EPC procurement and financial close.

RTE: Round-Trip Efficiency. The ratio of energy discharged to energy charged in a BESS cycle.
Modern LFP systems typically achieve 85 to 95 percent.

SAT: Site Acceptance Test. A test conducted on-site after installation to verify that the
complete system meets specified performance and safety requirements.

SEIA: Solar Energy Industries Association. US industry association representing the solar and
storage sectors.

Terna: The Italian national electricity transmission system operator. Responsible for grid
connection approvals and operator of Italy's MACSE capacity market auctions for BESS.

TSO: Transmission System Operator. The entity responsible for operating the high-voltage
electricity transmission network. In Italy: Terna. In Germany: 50Hertz, TenneT, Amprion,
TransnetBW.

UL 9540 / UL 9540A: US safety listing and thermal propagation test standard for energy
storage systems. Required by many AHJs as a condition of permit issuance.
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