% CRITICAL GRID AGILITY

Whitepaper

IT'S TIME TO PIVOT AWAY FROM
LITHIUM-ION BATTERIES

Critical Grid Agility, Newport Beach, CA




Why Critical Grid Agility?

Battery Energy Storage Systems (BESS) are hailed as the backbone of a low-carbon future,
seamlessly integrating with solar PV and EV charging networks to drive decarbonization.
Lithium-ion batteries, with their high energy density and an 80% price drop since 2013
(Bloomberg NEF), dominate the market, powering everything from residential backup
systems to commercial grid stabilization. Yet, their limitations—short lifespans, thermal
management needs, reliance on rare earth minerals, and inefficiencies in long-duration
storage—pose significant challenges. Enter Critical Grid Agility (CGA), a revolutionary
alternative that promises to redefine energy storage with superior performance,
sustainability, and resilience. This article challenges the lithium-ion status quo and
explores why CGA is the future of BESS.

The Lithium-lon Paradigm: Strengths and Shortcomings

Yesterday, the Lithium-ion BESS excelled in energy density and scalability, enabling
applications like energy arbitrage, backup power, and grid support for EV charging. With
global BESS capacity projected to grow from 45 TWh in 2022 to 552 TWh by 2030 (IEA), and
lithium-ion prices at a historic low of $107/kWh in 2023, their dominance seemed
unshakable. However, their drawbacks are increasingly apparent:

o Limited Lifespan: Typical lithium-ion batteries last 5-7 years or 6,000 cycles,
requiring frequent replacements that drive up lifecycle costs.

e Thermal Management: High operating temperatures necessitate costly cooling
systems, reducing overall efficiency and increasing maintenance.

¢ Resource Dependency: Reliance on rare earth minerals like cobalt and lithium
raises ethical, environmental, and supply chain concerns.

o Efficiency Losses: AC-coupled systems suffer from multiple conversion stages,
reducing round-trip efficiency to 85-90%.

e Short Duration: Lithium-ion struggles with long-duration storage (beyond 4 hours),
limiting its ability to support extended grid demands.

These limitations clash with the ambitious goals of a renewable-driven grid, where
durability, efficiency, and sustainability are paramount. Silicon Valley Power (SVP), for
instance, manages a 724 MW peak load against a 750 MW system operating limit, relying
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on a 50 MW lithium-ion BESS. While effective, this system’s lifespan and efficiency
constraints highlight the need for a better solution.

Critical Grid Agility: A Game-Changing Alternative

Critical Grid Agility offers a next-generation BESS that addresses the lithium-ion’s
shortcomings head-on, delivering unmatched performance for residential, commercial,
and utility-scale applications.

Here’s why CGA is poised to disrupt the energy storage landscape:
1. Extended Lifespan: From 5 to 20 Years

CGA’s proprietary technology extends battery lifespan to 20 years, compared to lithium-
ion’s 5-7 years. By achieving up to 500,000 cycles—versus lithium-ion’s 6,000—CGA
reduces replacement frequency, slashing lifecycle costs for data centers, businesses, and
homeowners. For SVP’s data-heavy grid, this longevity translates to decades of reliable
load management without costly overhauls.

2. No Cooling Required

Unlike lithium-ion batteries, which require energy-intensive cooling to manage heat, CGA
operates efficiently without thermal management systems. This eliminates cooling-related
costs and boosts energy efficiency, making it ideal for high-demand environments like
Silicon Valley’s data centers, where 60 facilities consume 92% of utilities.

3. Unprecedented Cycle Durability

CGA’s 500,000-cycle capability dwarfs’ lithium-ion’s 6,000, enabling near-continuous
charge-discharge operations. This durability supports dynamic applications like energy
arbitrage and peak shaving, ensuring stable grid performance during EV charging surges or
solar surplus management.

4. No Rare Earth Minerals

CGA’s chemistry avoids cobalt, lithium, and other rare earth minerals, mitigating supply
chain risks and environmental impacts. This sustainable approach aligns with global
decarbonization goals, offering a greener alternative for businesses aiming to reduce their
carbon footprint.

5. 99% Efficiency

With a round-trip efficiency of 99%, CGA outperforms lithium-ion’s 85-90% in AC-coupled
systems. By minimizing energy losses, CGA maximizes the value of stored solar energy,
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enhancing cost savings for residential users and optimizing grid operations for utilities like
SVP.

6. Resilient Long-Duration Storage

CGA supports flexible storage durations from 2 to over 12 hours, compared to lithium-ion’s
4-hour limit. This capability is critical for managing extended grid demands, such as
overnight load balancing or multi-day renewable energy storage, ensuring reliability in
diverse scenarios.

Redefining System Design: Beyond Lithium-lon Constraints

Lithium-ion BESS relies on complex components like Battery Management Systems (BMS),
Power Conversion Systems (PCS), and Energy Management Systems (EMS) to ensure safety
and efficiency. However, their design challenges—such as high-voltage DC bus risks in DC-
coupled systems or conversion losses in AC-coupled setups—Ilimit performance. CGA’s
innovative architecture simplifies integration:

o Decentralized Design: Unlike centralized lithium-ion systems, CGA’s distributed
BESS eliminates battery imbalances, streamlining maintenance and extending
lifespan.

o Seamless Integration: CGA pairs effortlessly with 1500V solar inverters and EV
charging networks, reducing grid dependency and harmonic distortions without the
need for specialized PCS topologies.

e Al-Driven Optimization: CGA’s EMS leverages Al and big data for predictive
maintenance and real-time grid coordination, surpassing lithium-ion’s capabilities
in peak shaving and solar energy management.

Silicon Carbide (SiC) MOSFETs, praised for reducing losses in lithium-ion PCS, are less
critical for CGA due to its inherent efficiency and thermal resilience. By eliminating the
need for extensive cooling and high-frequency switching, CGA reduces system complexity
and costs.

Challenging the Status Quo: Why Pivot Now?

The lithium-ion BESS market is undeniably dynamic, with 800 GW of new solar capacity by
2030 driving demand. Yet, its reliance on finite resources, limited durability, and
inefficiencies make it a temporary solution. CGA’s advantages—longevity, sustainability,
and flexibility—position it as the superior choice for a renewable-driven future. For
example:
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o Residential Users: CGA’s 20-year lifespan and 99% efficiency maximize savings
through energy arbitrage and provide reliable backup power without cooling costs.

e Commercial Applications: Businesses can manage surplus solar energy and EV
charging demands with CGA’s long-duration storage, reducing operational costs and

grid strain.

e Utility-Scale Grids: SVP’s data centers, pushing the 750 MW limit, would benefit
from CGA’s high cycle durability and 12+ hour storage, ensuring stability without

frequent battery replacements.

Attribute

Lifespan

DC round trip
Efficiency

Depth of Discharge

Temp range with max
efficiency

Charge and Discharge

No. of Cycles

Cycles per day

Duration

Environmentally
Friendly

Associated Costs

Lithium Ion

Typically <10 years with

+30% efficiency loss

80% - 90%

70% - 80%

32°F to 122°F

1 Hour

6,000 Cycles(Max)

2-6 hours

Mining and Disposal
concerns

Cooling, Replacement,
Disposal

Electrostatic

20+ year performance with
no EOL degradation

99.1%

-22°F to 140°F

10 Minutes

>500,000 Cycles

12+ hours

No rare earth minerals;
Biodegradable & Recyclable

No Cooling, Infrequent
replacement, Biodegradable

Benefit

Maximum Value

Maximum Efficiency

Fully Usable Capacity

No supplemental
temp control

Fast Charging &
Long Duration

Long Product Life

Max ROI & Capacity

Resilience

Sustainable

Significant ROI

The Road Ahead: A Call for Innovation

The future of energy storage demands solutions that prioritize scalability, efficiency, and
sustainability. While lithium-ion BESS has paved the way, their limitations hinder long-term
progress. Critical Grid Agility offers a compelling alternative, challenging engineers,
developers, and policymakers to pivot toward a technology that delivers:
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e Modular Scalability: Like Tesla Powerwall, CGA’s modular design adapts to diverse
applications, from homes to grids.

e Smart Integration: Al-driven EMS and digital twins optimize performance, reducing
lifecycle costs.

e Regulatory Compliance: CGA meets standards like UL 9540 and NFPA 855,
ensuring safety and reliability.

As BESS solidifies their role in renewable energy grids, the time to embrace Critical Grid
Agility is now. By addressing lithium-ion’s shortcomings with a sustainable, efficient, and
resilient solution, CGA paves the way for a truly low-carbon future. Let’s pivot away from
the old paradigm and power the grid with agility and innovation.

About Us

At Critical Grid Agility (CGA), we're pioneering the future of clean energy with our advanced solid-state electrostatic long-duration
energy storage solutions. Unlike conceptual projects still years from realization, our technology is already tested and deployed in real-
world scenarios. As a non-lithium alternative, our systems are uniquely positioned to meet today's global power demands safely and
sustainably.

Our electrostatic storage technology offers a safer and more efficient solution compared to traditional lithium-ion batteries. By
eliminating the risks associated with thermal runaway and reducing environmental impact, we're providing a more reliable energy
storage option. Our systems are designed to support a variety of applications—from stabilizing power in remote areas with unreliable grid
access to meeting the growing energy needs of urban data centers.

At CGA, our commitment is to deliver accessible, dependable, and safe energy storage solutions that power the world's transition to a
sustainable electric future.
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