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ALD Enabled Lithium lon batteries

* Lower Cost of Ownership

L 20% Energy Density Increase

i +  Weight Reduction
e Greater Electrification

Increased Safety
 Reduced Internal Side Reactions
Stable Operating Envelope
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Innovative Products
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Li-ion Batteries

Scientific Reports | 6:26532 | DOI: 10.1038/srep26532
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e Sub-nanometer control
e Pinhole free
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Pulse Purge Pulse Purge

Repeat ALD cycle N times

Particle coatings Multilayers Nano-islands



T—

no’s T nology Breakthrough ‘

o=y
k rORG= NANO

—
#
- .

)‘.' -l—"

Lab Scale Production Scale
- ]

Forge Nano’s

Patented Continuous Particle ALD
ional ALD has be ally Slow and Expensive Process is Fast and Econc

ing Innovation Hindered Commer

NP

Fluidized Bed ALD
In Europe



I® FORGE NANO

Forge Nano
ALD Processing

Scale-up Tool
Roadmap

10kg/day

Prototype
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30,000 kg / year 300,000 kg / year 1,000 to 2,000
tons / year
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Li-lon Battery

Might vision
goggles

Li-lon BATTERIES: Behind Eh
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Performance Demands
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Safety Pressures

How Lithium Ion Batteries
GROUNDED THE DREAMLINER

Official report on Boeing 787 fires tells a

cautionary tale about advanced batteries

At 10:21a.m. on Jan. 7, 2013, about a minute after all
183 passengers and 11 crew members from Japan
Airlines Flight 008 disembarked at Boston's Logan
International Airport, a member of the cleaning crew
spotted smoke in the aft cabin of the Boeing 787.

Cost to Boeing - $600 Million
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TESLA SAYS CAR FIRE
STARTED IN BATTERY

A Tesla Model S electric car caught fire on
Tuesday morning in Washington State,
and the company said that the fire began
in the car’s battery pack after the driver
hit debris on a highway.

The Tesla’s driver told the police that he
had hit metal debris on the freeway and
exited, and then, he said, the vehicle
caught fire.

Titanium Shields- Adds Cost & Weight

Why is the Samsung Galaxy Note 7
Catching fire? THE LIHIUM-ION
BATTERY EXPLAINED

Samsung has permanently stopped
production of the Galaxy Note 7 less than
two months after its release, as the phone
caused hundreds of reported fires and
explosions worldwide.

Its flagship smartphone -

which retailed at £739 and

was initially hailed as one of

the best phones of 2016 -

issued a global recall of the

water-resistant phones,
including “safe” replacement devices, amid overheating
fears.

Samsung has not confirmed the number of incidents, but
estimates suggests that fewer than 150 handsets have
overheated and, in some cases, caught fire.

Cost to Samsung - $5.3 Billion




Cost Pressures

worideecrery emana  HOW Cheap Can Lithium-lon Batteries Get?

0.26

0.24 Storage for 3 minutes of 2015
’ global electricity demand

This is a future model of lithium-ion battery prices.

Assumes 15-21% cost reduction of new battery storage per doubling of scale.
Costs unsubsidized.

0.22 Costs do not include the cost of generating the electricity to store
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PERFORMANCE [

FORGE NANQ’S ALD PROCESSING PUSHES

CELL CAPABILITIES TO HIGHER

TEMPERATURES, FASTER C-RATES AND

LONGER LIFETIMES

HIGH VOLTAGE MATERIALS HIGH CAPACITY MATERIALS
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ALD Enabled
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FORGE NANO MANUFACTURES COATINGS
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» Al,O5and TiO, coatings improved NCA SC/ E N ]-/ IE / C R E P{:}R T S
capacity retention during high rate (1 C/-1 0
C) cycling.

" Modificatiop of Ni§Rich FCGNMC
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FORGE NANO IS HELPING TO INDUSTRIALIZE
NEXT GEN MATERIALS AT SIGNIFICANTLY

ALD Enabled

L|_|On Battenes .&?Ti."&“:_ LOWER $/kWh THAN CONVENTIONAL
PROCESSES
Co-Precipitation Atomic Layer Deposition
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100% Increase
» Longer Battery Life

« Fewer Battery Replacements
* Reduced Logistics Demand

20% Energy Density Increase
» Meet High Power Operational
Requirements
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$200/kW-hr  $150/kw-hr
@ vel Doubles

* Double Battery Life = $200 / kW-hr Lifetime Savings » Reduction of Thermal Management / Impact
Shields

e 20% Energy Improvement = $ 40 / kW-hr Savings
i ) . » Simplified BMS
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Forge Nano’s
Lean Manufacturing
Strategy

Significantly Reduces Labor
and Capital Costs
Minimizes Waste

Conventional

COST (S/kWh)

Conventional
Fluidized Bed ALD

CAPITAL
COST

[
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Continuous ALD

CAPITAL COST

- MATERIALS

 MATERIALS
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ALD Enabled

CathOde Materials Cycle Life Improvement with ALD Coated Cathode Materials
— Half Cell Data

Per f ormance Cathode gﬁé’rgfe Teme PerfE?riince ALD periomance
/mpro Vemel’lfS LCO 45V * 25°C 40 Cycles 282 Cycles

LMO 45V* 55°C* 100 Cycles 1,600 Cycles

NCA 43V 25°C 390 Cycles 625 Cycles

NMC-111 45V*  25°C 208 Cycles 733 Cycles

NMC-111 43V 55°C* 22 Cycles 346 Cycles

NMC-111 45V* 55°C* 16 Cycles 238 Cycles

NMC-721 435V 25°C 775 Cycles 1,100 Cycles

LNMO 50V 25°C 525 Cycles 1,000 Cycles

LNMO 50V 50°C* 50 Cycles 750 Cycles
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Industry
Opportunity
Roadmap

—_ . ) 1\
2016 2017 2018 2019 2020
@ High Demand Formula E Militar Oil and Gas _ Aerospace
o) >
@ Consumer Laptops __ Cell phone Tablets Tools
Electronics 2
Vehicles Buses EV/PHEV Start/stop

Grid o
Automotive
Decrease Coking  Refining ‘

)

Fertilizers '

Efficienc!

Oil and Gas

Ammonia

Special

Chemicals

Cathode Coatings Refining

pecialt Refining

| ‘
Solar Cells ‘

Circuits
Super Capacitors MLCCs ‘

Conductive Inks
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LEADERSHIP TEAM

CEO & Founder - Paul Lichty, Ph.D.

Founder of 5 companies that have raised over $140 million.

Developed Forge Nano technology and systems.
Experience in leadership, process scale up, and project
management.

CFO (part time) — Jack McFarland, MBA, CPA

Financial executive with experience in new business
ventures and early stage companies. Skilled at corporate
finance and securities in addition to holding several CFO
positions with high tech companies such as Proterra.

VP of Business Development - Bill Flecky, MBA
Seasoned executive with 30 years of experience in
high tech markets. Senior executive and has led
market development for global companies Bruker,
Cameca, Boston Scientific to name a few.

Senior Advisor (part time) — Ed Williams

Senior executive with track record of developing and growing
new companies. Former CEO of Novinda, Firefly Energy.
Former senior executive at Apple.

VP of Engineering - James Trevey, Ph.D.

Lithium-ion battery materials expert, solid state electrolytes,
targeting automotive applications. Previous work with 2 other
startups managing process scale-up.

Director of Technology & Founder - David King, Ph.D.
World expert in nano-coatings, experience in technology
development. Over 15 years of ALD experience. Strong
background in IP strategy.
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