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Energy Storage Technologies for the Next Millennium

* Mission
— Provide affordable, efficient, clean-energy-storage
solutions to rapidly-growing electrical power markets.

* Strategy

— Design, manufacture and sell proprietary products to
targeted stationary and mobile energy-storage markets.
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Energy Storage Technologies for the Next Millennium

* TSB Energy-Storage Core Technology

— Proprietary Bipolar VRLAB Design and Manufacturing
Technology

— Materials, Product Design, Manufacturing Process
Development

— Resulting in Revolutionary Advances in Energy-
Storage Product Performance and Service Life.
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* Highlights of TSB Technology

— Advanced Materials
— Metal-free, Nano-Oxides
— Metal-Glass Composite Current Collectors
— Active Material Binding Agents
— Process
— In-Process Exothermic Energy Management
— Uniform Electrode Post-Form Species Distribution
— Contamination-free Workshop. Total Hazmat Sequestration. Zero Hazmat emissions.
— Product Features
— High-Surface Area, dimensionally stable Bi-Polar Current Collectors
— Bi-Polar Electrodes Eliminate Secondary Series Intercell Connections

— Horizontal Electrode Orientation Prevents Electrolyte Stratification and Maintains
Uniform Spatial Distribution of Species Across Electrodes Throughout Service Life.

— Internal Cell Compression System Maintains Electrode Separation Through Charge
Cycle

— Manufacturing System
- 6% Generation Manufacturing System
— Continuous SPC Processes Reduce Production Time to 72 Hours.
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The Conventional Lead-Acid Cell

Charging...
(conventional flooded cell)
PbSO,+H" +2¢ ——> Ph° + HSO,

PbSO,+2H,0 - 2¢ —— PbO,+HSO, +3H" ) ] I 0
Typical Anode Reaction at Pb*2 - Pb™ Typical Cathode Reaction at Pb*™* - Pb
reduction potential.

oxidation potential.

for=penncable. clectronicatly mistatine Separator
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The Conventional Lead-Acid Cell

Discharging...
(conventional flooded cell)

PbO,+ HSO, +3H" + 2e—> PbSO, +2H,0 Pb’ + HSO, -2¢¢ —> PbSO,+H"
Typical cathode reaction during discharge. Typical anode reaction during discharge

2e 2e

for=penncable: electrontcatly misilating separator
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General Observations

e Straightforward, except...

— the reactions describe electron-exchange processes
which occur at the micro level
e (atomic, ionic and molecular)

— control of the distribution of electron-exchange
processes to efficiently perform useful work occurs at
the macro level

e (materials purity, electrode porosity, roughness, species
spatial distribution, electrolyte concentration distribution and
absolute temperature)
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Lead-Acid Materials

* Electrochemical Properties
— PbY specific capacity = 259 Ah/kg
- PbO, specific capacity = 224 Ah/kg

- H,SO, specific capacity is f(concentration), typically 80 - 105
Ah/kg (150 Ah/L @ 42%)

— Packaged 2V cell theoretical capacity ~ 170 Whr/kg

— Early Plante cells delivered ~5% of theoretical specific energy
~ 8 - 10 Whr/kg
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Electrolyte Conductivity

Sulfuric Acid Solution Conductivity and Specific
Gravity vs Concentration, 20 deg C
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Lead Sulfate Solubility in Sulfuric Acid Solution
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Fundamental Design Constraints

 Competing material properties challenge efficient design.

electrochemical

structural electronic
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Conventional Lead Acid Design Issues

* High Inert mass/active mass ratio low specific energy and power
— low current-exchange surface area per cell

— thick, heavy positive current collectors required to resist growth caused by
corrosion and active material volume change

e Electrolyte stratification in vertical-plate designs

— gravity-induced

— acid to cell bottom, water to top (in flooded cells)

— acid to cell top, water to bottom (in conventional vertical plate VRLA cells)
* Electrode growth positive material shedding

— poor structural properties of pure lead preclude fabrication of
dimensionally stable positive electrodes resulting in positive grid growth

— Grid growth fractures positive active material, isolating it from service

— alloyed lead grids reduce positive electrode growth rate but introduce
intergrannular corrosion and/or contain material which negatively impacts
Hydrogen over-Voltage resulting in water loss, and reduced service life
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Conventional Cell Performance/Life Issues

* Positive Grid Growth contributes to active
material shedding premature capacity loss

* High-rate water consumption results from
positive electrode grid metal alloyed to reduce
grid growth

* Internal resistance gradients result from
electrolyte stratification in vertical plate designs
continuously diminishing fraction of active
material participating in charge exchange

* Dissimilar alloys used to make inter-cell
connections result in electrochemically unstable,
high-resistance (unsafe) connections between
cells
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Conventional Technology Issues

e Multi-cell intercell connections unreliable

— Cast-on-strap and intercell resistance welding technology are
major sources of premature failure and explosions

e Activation processes in vertical plate designs preclude
uniform spatial distribution of pre- and post-formation
species, resulting in large resistance gradients between
electrodes reduced performance and shortened
service life.

* Non-uniform potential distribution across electrode
surface accelerates Hydrogen ion reduction cell
water loss and shortened service life.
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Wanted: a new paradigm for an old couple

e Barriers to improved performance and service life of
existing technology...

— results from continual attempts to nudge the old materials,
design rules and production processes to extract small gains in
performance and service life

* A revolutionary approach...

— is required to extract a higher fraction of theoretical performance
from lead-acid technology while simultaneously extending
service life
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TSB Composite Material Bipolar Technology

e Composite current collector materials

— high-strength, creep free, dimensionally-stable, low-corrosion, pure lead grids

* High-surface area woven mesh current collectors

— provide shortened electronic pathways to current collector cylindrical surfaces
— provide uniform potential distribution across entire electrode surface
— improve specific energy and power; eliminate positive material shedding

* Bi-polar vs mono-polar electrodes

— provide reliable, grid-integral, series-cell connections
— eliminate secondary cell connections required to build multi-cell modules
— use pure lead in both positive and negative electrodes

* Horizontal electrode orientation

— eliminates internal resistance gradients arising from electrolyte stratification.

* Advanced manufacturing processes

— fast, environmentally clean, safe, continuous-flow production
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Composite Grid Material

 Fundamental ingredient for improvement
— eliminates positive grid growth
 allows thin, dimensionally-stable positive electrodes
— maintains electrode structural integrity
* eliminates active material shedding
— restores desired electrochemical behavior

 delivers theoretical hydrogen over Voltage

— eliminates inter-granular corrosion of positive grid
* extends life of positive grid conductivity
 positive grid corrosion is ultimate (controllable) failure mode

— improves vibration-tolerance of cells and modules

— provides clean, room temperature production
environment (coextrusion vs casting)
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Composite Material Fabrication

Lead-Fiber Glass
Composite wire

— wiredia= 0.76 mm
— coredia=0.30 mm

— core fiber breaking strength
~ 500 kpsi

— strain up to breaking
stress = 0%

— no inter-granular corrosion

— metal composition
=Pb-0.8% Sn

— core composition
~280 C - glass fibers
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Wire Woven Into Bi-Polar Mesh Configuration

e Loom weaves wires into
mesh

— weft wire carries current cell-to-
cell

— warp wire aids polarization
charge and stabilizes mesh

* Active Mass precursor

applied to mesh as paste

— pasted mesh cut to length to
produce two bi-polar electrodes
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Bi-Polar Plates Arranged Horizontally

CELL SERIES CONNECTION

VERTICAL REFERENCE  VIA GRID-INTEGRAL

NEGATIVE PLATE, 8 PLACES FLEXIBLE CONDUCTOR
W/HYDROPHOBIC COATING,

6 PLACES

POSITIVE NEGATIVE

ELECTROLYTE BEARING
POSITIVE PLATE, 8 COMPRESSION PLATE, 8 AGM SEPARATOR, 12

PLACES PLACES PLACES

VERTICAL SECTION VIEW OF TYPICAL TSB BIPOLAR BATTERY LAYOUT,

4 CELLS SHOWN
(EXPLODED FOR CLARITY)
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TSB Bipolar Module Construction

« Horizontal electrode
orientation maintains
uniform electrolyte
concentration distribution.

» Cells connected in series
with 48 composite wires.

« Uniform potential
distribution across entire
plate area optimizes
participation of all active
materials.
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TSB Bipolar Module Construction

 Cell compression
provided by FRP
structural “cage.”

 Maintains electrode
spacing without regard
to internal gas pressure.
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TSB Bipolar Module Construction

* Integral Cell
connections
provided by
bipolar design.

e Module Terminals
are designed for
> 10,000 Amps.

* Two connectors:
SAE and threaded.
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TSB Group 31 Bipolar VRLAB

e 105 Ahrs at C/10

e 1.25 kWhr Energy Capacity
@ C/10 discharge rate

 >25 kW Instant Power
e 13" x7"x9”

* 68 Lbs

* 12 Volts nominal

e 3000 (30 C) Amps for 20
seconds to 6.5 Volts @ 27'C

e 1200 Amps for 30 seconds @
-18'C

e 1800 Amps for 30 seconds @
0'C
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Bipolar Basic Module

High-Rate Discharge to 7.2 Volts

12D2000 SN H13811
Battery Temperature = 0 deg F
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Module Voltage (Volts)
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Bipolar Basic Module

High-Rate Discharge to 8.2 Volts
Horizon 12D2000 SN H13811
Battery Temperature ~80 deg F
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Bipolar Basic Module

Discharge Power vs Temperature
12D2000 SN H13811
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Bipolar Basic Module

C/3 Discharge @ 25° C
12 Bipolar Basic Modules in Series

88.8 Ah to 10.5 Volts
from weakest battery.

V9
= Hi Current = Hi Current (Ah)
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* Revolutionary Energy-Storage Systems

— Performance Vetted in Numerous Harsh
Application Environments

— Electric Power Research Institute
— Numerous Electric Utilities
— BDM International
— Ford, Chrysler, General Motors
B — Mercedes Benz
[ § — Fiat
(TR — FMC Corporation
— United States Navy
— Defense Applied Research Projects
Agency
— Sacramento Municipal Utility District
— Lockheed
— Corning, Inc
— Private Investors
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Flex-Power® Energy Storage System*

Grid-Connection Option: Demand Management, Peak Shaving , Back-Up Power;
Simultaneous Energy Storage and Power Supply Capability.
Full Remote System Management via Duplex Communications,

MAINS
XFORMER
3M 480 VAC
3D 480 VAcg"t}
Switchgear (
POWER SUPPLY
POWER ES00 SITE
.......... sy i..i  THROTTLE SCADA
: — i ——— (Ethernet
.......... Soooobooood BATTERY/BMS/ C
. 480 VDC omm.)
Rectifier STRING SCADA/ .
e s { (
DC/DC 480 VDC

Converter

480 VAC
SYNCHRONIZING
INVERTER
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Flex-Power® Energy Storage System*

Off-Grid Option: Primary Power Supply; Simultaneous Energy Storage and Power Supply Capability;
Full Remote System Management via Duplex Communications.

30 480 VAC
30 480 VAC ]
Switchgear (

"t POWER N SITE
prenes ooy i /i THROTTLE SCADA
freenied A\j "\ BATTERY/BMS/ (Ethernet

Rectifier 480 VDC STRING SCADA/. . e Comm.)
CROWBAR
oo I { (
DC/DC 480 VDC

Converter

480 VAC
INVERTER

* Patent Pending
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Flex-Power® Telecomm Power Supply*

Off-Grid Option: Primary Power Supply; Simultaneous Energy Storage and Power Supply Capability;
Full Remote System Management via Duplex Communications.

POWER SUPPLY
POWER | ees SITE
---------- gy i.[i  THROTTLE SCADA
.......... —i 1/ BATTERY/BMS/ (Ethernet
Rectifier 48 VDC STRING SCADA/ Comm.)
CROWBAR
.......... . —
DC/DC 48 VDC
Converter

48 VDC
Transceiver
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Solar-Powered Pure Water System

Off-Grid Primary Power is Solar PV; Simultaneous Energy Storage and Power Supply Capability
for 24 hours/day pump power; Safe, Low-Voltage DC Power. Full Remote System Management via Duplex
Communications.

91,000,000 gallons/5
years @ < $0.01/gallon

50,000 gallons pure
water/day —

———=_=,

Primary Power

POWER SUPPLY
SITE eoe — POWER
SCADA THROTTLE
(Ethernet BATTERY/BMS/
Comm.) STRING SCADA/
CROWBAR
P T N £
./'.:_ I
48vpCc  DC/DC
Converter

* Patent Pending
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Thank You!
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