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Introduction

My name is Paul F. Alden. I proudly served for 36 years in the fire service, responding to
thousands of emergencies involving structure fires, vehicle accidents, hazardous
materials, and increasingly in recent years, fires caused by lithium batteries.

Early in my career, these incidents were small in scale and involved personal electronics
or tools. But as lithium technology expanded into larger systems, the risks grew with it.
Toward the end of my career, I began encountering fires involving electric vehicles and
stationary lithium battery systems. These fires were intense, difficult to suppress, and
presented dangers far beyond traditional fires. The fire service had to learn in real time
how to manage these new and escalating threats.

After retiring from the fire service, I began a second career in the energy storage sector. I
wanted to remain involved in protecting people and property, but from a different angle.
That’s when I was introduced to ELDES, which stands for Electrostatic Long Duration
Energy Storage. For the first time, I saw a system that addressed the very problems I had
seen throughout my firefighting career. ELDES does not burn, does not degrade, and
does not introduce unnecessary risk. I knew immediately I wanted to be part of this
solution.

Today, I advocate for ELDES not just as a product, but as a safer path forward. The
energy industry is finally beginning to acknowledge the limitations and dangers of
lithium-based storage, and the public is starting to ask the right questions. ELDES
answers those questions with performance, safety, and long-term cost savings.

My goal with this e-book is simple. I want to inform, educate, and inspire. Whether you
are an engineer, a first responder, a business owner, or simply someone trying to make
sense of the evolving energy landscape, I hope this book helps you learn more about the
risks of lithium and the promise of ELDES.

Thank you for taking the time to read it.
Paul F. Alden

Retired Fire Captain
Advocate for Safer Energy Storage
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Chapter 1: The Lithium Reckoning

Lithium-ion batteries revolutionized portable power, but their risks are now being exposed at
grid scale. Fires caused by thermal runaway, explosions in residential energy storage, and multi-
million-dollar recalls have raised significant concerns. These systems degrade over time,
requiring costly replacement, and impose serious insurance and permitting challenges. Entire
municipalities are now re-evaluating lithium’s place in critical infrastructure. The truth is, lithium
was never designed for this kind of deployment. It was scaled, not evolved. And the cost of
continuing to use it, in both financial and human terms, is quickly becoming unacceptable.
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¢ Chapter 1 Recap:

This chapter introduces the inherent dangers and hidden costs of lithium-ion energy storage. It
highlights fire risks, degradation, insurance challenges, and real-world incidents.



Chapter 2: What Is ELDES?

ELDES stands for Electrostatic Long Duration Energy Storage. Unlike lithium or other chemical
batteries, ELDES stores energy using a physical process based on supercapacitors built with man-
made graphene. This technology holds and releases energy through electrostatic charge, not
chemical reaction, which means there is no risk of fire, explosion, or degradation. It charges and
discharges instantly, supports simultaneous in/out power flow, and lasts through over a million
cycles. It is maintenance-free, non-toxic, and scalable for use in homes, hospitals, data centers,
military bases, and beyond.
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¢ Chapter 2 Recap:

This chapter introduces Electrostatic Long Duration Energy Storage (ELDES) and
explains how it:

e Stores energy physically, not chemically

e Uses man-made graphene to hold charge

e Isnon-combustible, non-toxic, and non-degrading

e Is suitable for homes, hospitals, data centers, and defense



Chapter 3: The Chemistry-Free Revolution

Chemical batteries rely on internal reactions that generate heat, require careful management,
and deteriorate over time. ELDES breaks this paradigm by storing energy in physical fields
between layers of graphene. This revolution eliminates the need for cooling, venting, and
replacement. It delivers instant power, supports microsecond switching, and maintains full
capacity year after year. Like the move from gas lamps to electric lights, or analog to digital, this
shift removes the hazard from the equation entirely. No chemicals, no fire, no degradation —

just pure, stable, reliable storage.
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+ Chapter 3 Recap:

This chapter emphasizes the fundamental departure from chemical energy storage. It
introduces how ELDES:

e Stores energy physically, not through volatile chemical reactions
e Requires no thermal management, no venting, no degradation protocols
e Supports millions of cycles, simultaneous charge/discharge, and is truly solid-state



Chapter 4: Safety First, Then Everything Else

Safety is not a marketing line — it is the first and final standard. In a world increasingly
dependent on uninterrupted power, systems must not simply work, they must not fail
dangerously. Lithium-ion storage introduces unacceptable risks: thermal runaway, off-gassing,
explosion, and chain reaction fires. These are not edge cases. They are documented, recurring
events across the globe. ELDES eliminates these risks completely. It contains no flammable
materials, requires no active cooling or suppression, and does not generate heat during
operation. Codes like UL 9540A and NFPA 855 were built to contain failure. ELDES avoids it by
design.
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¢ Chapter 4 Theme Recap:
This chapter focuses on safety as the primary differentiator:
e Lithium carries real risk: thermal runaway, explosion, chain fires

e ELDES cannot burn, does not off-gas, does not require suppression
e Current fire codes exist because lithium fails — ELDES is compliant by default



Chapter 5: Lifetime Value and Reliability

A system’s true value is measured in how long it performs without failure. Lithium systems
degrade — sometimes gradually, sometimes catastrophically. They lose capacity, require
monitoring, and must be replaced every 7 to 10 years, even in ideal conditions. ELDES, by
contrast, provides performance that does not fade. Over a million cycles, zero percent capacity
loss, zero required maintenance. That means fewer site visits, no replacement schedules, and a
lower total cost of ownership. Whether for mission-critical operations or long-term
infrastructure investments, reliability is not just a benefit — it is the entire point.
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¢ Chapter 5 Theme Recap:

This chapter focuses on longevity, maintenance-free operation, and total cost of
ownership:

e Lithium loses capacity, degrades over time, and requires replacement
e ELDES maintains full performance for 20+ years with no degradation
e Total lifetime cost of ELDES is lower even if initial CapEx is slightly higher



Chapter 6: Cost, The Real CapEx vs OpEx Equation

The cost of lithium storage is deceptive. Initial quotes may look favorable, but hidden costs tell a
different story. Fire suppression, insurance premiums, HVAC integration, and eventual
replacement all drive total cost of ownership far beyond the sticker price. ELDES systems may
carry a higher upfront cost per kilowatt-hour, but they require no fire mitigation, no cooling, no
replacement, and no risk adjustments. Over 20 years, the result is not just parity — it is
superiority. In nearly every use case, ELDES wins on long-term economics, and does so without
compromise on safety, performance, or sustainability.
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¢ Chapter 6 Recap:

This chapter reframes cost beyond the sticker price:

e Lithium looks cheaper up front but requires fire suppression, HVAC, insurance, and
periodic replacement

e ELDES is maintenance-free, risk-free, and long-lived

e Over 20 years, ELDES is the more economical choice



ENVIRONMENTAL IMPACT,

FROM CRADLE TO GRAVE

LITHIUM-ION
ag)
= 9
MINING

MANUFACTURING

DEGRADATION

DISPOSAL

¢ Chapter 7 Theme Recap:
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Chapter 7: Environmental

Impact, From Cradle to Grave
The environmental cost of lithium
cannot be ignored. Mining lithium and
rare earth materials disrupts fragile
ecosystems, pollutes water sources,
and generates significant carbon
emissions. Once in operation, lithium
batteries degrade and eventually
require disposal or partial recycling
— a process that itself is energy
intensive and inefficient. ELDES
avoids these pitfalls entirely. Built
from aluminum, copper, and man-
made graphene, it uses abundant and
recyclable materials. It operates with
zero emissions, lasts for decades
without replacement, and leaves no
toxic waste behind. In the race for
sustainable energy storage, ELDES is
the only system that truly walks the
talk

This chapter contrasts the environmental footprint of lithium-ion systems with ELDES:

e Lithium mining is destructive, involves toxic chemicals, and creates end-of-life

disposal problems

e ELDES uses abundant, recyclable materials (graphene, aluminum, copper) and lasts

2-3 times longer

e True ESG-focused storage must consider total lifecycle impact



Chapter 8: Industry

Applications

Energy storage is not a one-size-fits-all
solution. Different industries require
different capabilities — high reliability,
indoor safety, fast response, or
extreme longevity. LDES technologies
like flow batteries have found a place
in some of these areas, but they
remain complex, expensive, and often
limited by installation constraints.
ELDES, with its non-chemical design, is
poised to fill the gaps lithium and LDES
cannot. Whether it’s powering a rural
microgrid, providing critical backup for
a hospital, enabling instant switchover
in data centers, or safely storing power
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on marine vessels or near aerospace systems, ELDES delivers unmatched safety, uptime, and

deployability. It is not just a new product — it is a platform that adapts to the real needs of

diverse sectors.

¢ Chapter 8 Recap:

This chapter demonstrates how ELDES fits across a wide range of industries, outperforming

lithium and traditional LDES in:

e Healthcare (instant switchover, fireproof)

o Data Centers (high reliability, no degradation)

o Defense & Aerospace (resilience, no risk of explosion)

e Marine & Off-Grid (no off-gassing, compact, heat-tolerant)

e EVInfrastructure & Utilities (fast response, high cycle count)



Chapter 9: Regulatory Energy Storage Systems by

Compliance and Fire Codes Regulatory Compliance

The codes that govern energy storage ]
today — UL 9540, UL 9540A, NFPA 855 Lithium-lon Batteries = cS (ERCTOeE Lo
— exist to reduce risk in systems that

contain flammable, reactive materials. UL 9540A Test Not Applicable

Lithium systems must be spaced, cooled, NEPA 855 Fire Code ® Pagses by Design

vented, and often encased in concrete € Strict Spacing & =
or metal. They require special insurance Suppression
and site reviews, and they come with Insurance Risk @ Low Risk
risk even when properly installed. ELDES €3 High Premium
operates outside of these constraints. Thermal Management ® NotRequired
v

Because it contains no chemical € Required
components, no combustion risk, and no _

) ) Indoor Safety (] Approved
need for thermal regulation, it can be @ Limited
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Maintenance () None

places where lithium is banned or
limited. Much like how fire sprinklers became retroactively required in places of assembly after
tragic fires, we believe lithium-based systems will soon face similar retrofits — at great cost to
owners. With ELDES, those concerns disappear entirely.

¢ Chapter 9 Recap:

This chapter explains how ELDES either meets or exceeds all fire safety and regulatory
requirements — in many cases without needing mitigation at all — unlike lithium,
which must:

e Undergo UL 9540A fire testing
e Comply with NFPA 855 spacing and suppression rules
e Require costly upgrades to facilities, especially places of assembly

It also draws the analogy to sprinkler retrofitting laws, where older buildings were
eventually required to upgrade due to clear life safety risk.



Chapter 10: The Economics of Transition

The global energy market has been heavily invested in lithium, but costs are rising — not just
financially, but in liability, insurance, and public safety. ELDES offers a long-term solution that
outperforms lithium economically. While upfront costs may be similar or slightly higher, ELDES
delivers full capacity for over two decades, requires no replacement, and avoids the hidden
costs of suppression systems, maintenance contracts, and fire-related shutdowns. It also
qualifies for the same tax incentives and grid programs as lithium. This chapter demonstrates
how transitioning to ELDES is not only feasible, but strategic, and lays out financing models, case
study math, and long-term asset value.
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¢ Chapter 10 Recap:

This chapter focuses on financial strategy and why the shift to ELDES makes economic
sense despite market inertia:

e ELDES may cost more upfront, but over time offers superior ROI

e Market is already transitioning away from lithium as insurance, permitting, and
replacement costs rise

e Early adopters gain a competitive and reputational advantage



Chapter 11: Realignment —

Educating the Market

The biggest challenge facing ELDES is
not technological — it is cultural. The
industry is locked into lithium, not
because it is the best option, but
because it is the familiar one.
Procurement language, certification
pathways, insurance assumptions, and
RFP templates all lean heavily on
lithium-based terminology. This
chapter outlines how to overcome that
inertia: revising procurement specs,
educating fire marshals and engineers,
training insurance underwriters, and
demonstrating clear performance in
critical applications. The path forward
is through visibility, partnership, and
proof.

¢ Chapter 11 Recap:

Market Realignment
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This chapter emphasizes that the biggest barrier to ELDES adoption is not technology — it’s

industry inertia:

e RFPs, insurance language, procurement specs, and building code templates are all built

around lithium

e Market stakeholders need education and alignment, not just specs
e The goalis to move from “prove it works” to “this is the safer standard”



Chapter 12: The Safer Grid — A Vision for the
THE SAFER GRID Next Generation of Storage

NolfiresiNoifailuresANotean The power grid of the future will require flexibility,
reliability, and resilience. It will be distributed, dynamic, and
filled with new edge loads — from EVs to solar to Al. Lithium
is not built for this future. It is brittle, dangerous, and short-
lived. ELDES, with its stability, speed, and safety, offers a
blueprint for energy storage that protects life, lowers cost,
and meets the moment. This final chapter is a call to action:
to shift our mindset, update our expectations, and build a
grid that is not only stronger, but safer — for everyone.

¢ Chapter 12 Recap:

This is your call-to-action chapter — painting a picture of a world no longer dependent on
lithium:

e ELDES powers a safer, more reliable, distributed grid
¢ Homes, hospitals, data centers, and cities can trust their backup power
e The shift is not just technological, it’s generational — from hazard to resilience



Conclusion: Safer by Design, Ready by Necessity
We did not set out to reinvent energy storage for the sake of disruption. We did it because it
was necessary.

For too long, the energy industry has accepted compromise — between performance and
safety, between cost and risk, between short-term gain and long-term viability. The public
was never truly informed of the trade-offs. Developers were forced to work around the
risks. Fire departments trained for outcomes that should never have been possible in the
first place.

The truth is, lithium was a stepping stone, not a destination.

ELDES is not just a new chapter in storage — it is a clean break from everything that came
before it.

It does not rely on chemistry, so it does not burn.

It does not degrade, so it does not die.

[t does not require suppression, spacing, or cooling, so it installs where others cannot.
It does not gamble with uptime or safety.

It just works.

This e-book has laid out the facts, the use cases, the economics, and the urgency. But behind
all of thatis a very human question — how much risk are we willing to live with?

For firefighters, for hospital patients, for data centers, and for the families living next to
battery installations — the answer must be none.

This technology is not a theory. It is real, it is here, and it is ready.

If you are a builder, choose it.

If you are a regulator, approve it.

If you are a policymaker, support it.
If you are an investor, back it.

If you are a citizen, demand it.

The future of energy must be safe, stable, and smart.
That future starts now — and it starts with ELDES.



Appendices

Appendix A: Technical Specifications & Cycle Life Comparisons

- ELDES Cycle Life: >1,000,000 cycles with <1% degradation over 20 years

- Lithium-ion (NMC): 3,000-6,000 cycles with ~20% degradation after 10 years

- Charge/Discharge Rate: ELDES (instantaneous), Lithium-ion (0.5C-1C typical)

- Operating Temperature Range: ELDES (-40°C to +85°C), Lithium-ion (0°C to 40°C with
cooling)

- Maintenance: ELDES (none), Lithium-ion (routine thermal, inverter, and BMS
maintenance)

- Safety: ELDES (no thermal runaway risk), Lithium-ion (requires fire suppression, spacing,
UL9540A test)

Appendix B: Supporting Data and Citations

1. NFPA 855 and UL 9540A compliance requirements sourced from the National Fire Protection
Association: https://www.nfpa.org

2. Lithium-ion battery incidents and fire statistics from UL Firefighter Safety Research
Institute (FSRI), 2023 Reports.

3. Insurance premium data for lithium-based systems compiled from FM Global 2022 Risk
Bulletin.

4. Cost of ownership estimate comparison from Lazard Levelized Cost of Storage Analysis
(2023 Edition).

5. Supply chain risk commentary based on IEA Global Battery Report 2022.

6. Environmental impact of lithium from Friends of the Earth and Lithium Triangle Mining
Analysis, 2021.

Appendix C: Lithium Energy Storage Regulation & Incident Timeline

2013 — Tesla begins large-scale lithium ESS rollout

2015 - NFPA introduces UL 9540 for system-level safety

2017 - Samsung Note 7 recall due to battery fire risk triggers global awareness

2019 - Con Edison lithium-ion explosion in New York leads to UL 9540A burn testing
protocols

2020 - California utilities begin requiring fire suppression on lithium installs over 20 kWh
2022 - More than 100 ESS fire incidents recorded globally; lithium battery fires rise by
300%

2024 - AB 434 introduced in California to halt new lithium-based BESS due to fire risk
concerns

2025 - ELDES publicly introduced as non-chemical alternative aligned with new safety
codes



