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Introducing: Aqueous Hybrid lon (AHI) Batteries

Building abattery thatis
safe reliable, sustainableand costeffective
using abundantnontoxicmaterials.
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Aqueous Hybridon (AHI) Chemistry

AqueousElectrolyte

+ Water-based, ambient
temperature, sodium
sulfate electrolyte.
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Hybrid Reactions:

+  An asymmetric/hybrid +
electrode configuration:

A Cathode:Intercalation reaction

A Anode:Pseudocapacitivand
intercalation interaction

intercalation reactions
+ ELECTROLYN&SQin an aqu

www.aguionenergy.com

Sodiumlon:

The chemistry uses sodiun
ijons as the primary charge
carrier to store energy
inside the battery.

+ CATHODManganese Oxide spinel structure
hosts intercalation reaction

+ ANODECarbon composite witbseudocapacitivand

eous solution

+ SEPARATONonwoven cellulosic material




Technology: Unigue and Low Cost

Significant materials innovations have emvolved with largescale
manufacturing technology:

1) Anode: composite of a titanium phosphate and low cost carbon

S

2) Cathode: Alkali intercalation Mp®ystem compatible with  g1p/ NaMnO,

aqueous sodium iobased electrolyte Activated Carbon

3) Low cost, watestable, corrosion free current collector and  Composite
packaging materials

‘ RESULTEasily ScalableextremelylongCycle Life, higRound Trip Eficiency(>85%, completely
EnvironmentallyBenign andvery low cost
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AHI Battery: Ideal for Energy Apps

0 PERFORMANCE

+ Veryhigh cycle/calendar life

+ 85%+ round trip DC/DC efficiency

+ Seltbalancing from cello-cell

+ No degradation/damage from:
100% depth of discharge
-10 to 6(C environments
Stands at partial charge state

OST/PRICE ° SAFE/ENVIRONMENTAL
Low acquisition costs Not flammable or explosive
Zero maintenance required 100% benign ingredients
No celtto-cell monitoringNB ] QR Operates at ambient temperature
Zero or limited HVAC required Water-based. No acids, no lead

+ + + + 0O

+ + + +
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Applications

+ A discrete system, often appliantike, for producing and managing
energy that has the capability to island from the grid.

+ Either diesel or solar generation components and/or weak access to
central grid.

Typically use off the shelf components for each part of the system.
Typically less than 50 kWh in size.

Same concept as a simple microgrid but with specialized engineerin
and often including customer equipment.

Typically larger than simple microgrids.
Often services many loads and has a distribution.grid
Typically 100 kWh to several? K Qa

Systems owned by large utilities or merchant power generators.

These systems are used to augment or replace existing generation,
transmission and distribution equipment

Tens to hundreds dfiWh. Eventuallp 2 K.Q a

V-
Utility Side of Meter




Technology comparison

Modular CAEJ AdvancedPbA Flow Battery

Cycle Life @ 80®oD
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O Medium
‘ Weak
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AHI and Lead Acid: Direct Comparison

Lifetime <1000cycles >5000 cycles
DoD <50% 100%
Efficiency >85% >85%

Max Operating Temp <25C >45 C
PSOC w/o degradation No Yes
Trickle Charge Required Yes No
Disposal Must be recycled Recycleor landfill
Price(useable energy) Low Lowest
LCOE Moderate Excellent

+ In stationary cycling applications




Microgrid Systeminputs: Site

+ Tested this in a reakorld microgridapplication
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Microgrid Systeminputs: Duty Profile
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Results of Modeling with ESM

Energy Mix by Case
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Results of Modeling with ESM

LCOE by Case
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Aquion Energy

+ Spun out of Carnegie Mellon University in 2010

+ 100+ employees in Pittsburgh, USA headquarters

+ Commercializing Aqueous Hybrid lon (AHI) technology

+ Costeffective, safe reliable ansustainable

.\ + Designed for stationary, lorguration applications

+ Off-grid, microgrid grid-scale

+ Commercial manufacturing underway
+ 32,500 i facility in Westmoreland, PA USA
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