Large-Scale Energy Storage
Technology Overviews

UltraBattery — Grid Storage.

Advanced Lead — Carbon
Technology
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» Optimisation will move IRR bands downward
 Bidding strategy will also move IRR bands downward




Grid Scale Energy Storage
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Reliable Grid Scale Storage




Power Conditioning System
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Regulation
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Wind Energy Ramp Rate
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Solar Energy Smoothing

One Hour Global Irradiance (W/SgM) Single Location
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Regulation using Storage
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Regulation Signal and Storage SoC
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Power Impact on Storage
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UltraBattery

UltraBattery is a hybrid energy-storage device, which combines
an asymmetric supercapacitor and a lead-acid battery in one
unit cell, without extra electronic control.

— Carbon

PbO, = electrode

Lead-acid cell | Asymmetric supercapacitor

UltraBattery— +«— Carbon electrode




 Lead Acid is the leading technology in terms of
power S/kW. Challenge has been longevity.

e “Using the HRPSoC cycling profile at the 1C1 to
4C1 rate, the UltraBattery cycle performance
was about thirteen times* greater (>15,000
cycles) than the AGM VRLA battery (1,100

V]
Cy CI es ) y *Results of independent Sandia testing released December 2008




Designing for Power Impact

Control cells
UltraBattery
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Energy Impact on Storage
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Designing for Energy Impact
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-Battery Type:12V-50Ah
*Discharge:0.25CA, DOD70%
-Charge:0.25CA, 3 step charge, 104%
-Temp:25C

o
o

S
<]
©
=
oy
‘'c 100
©
Q
M
o
c
L
o
e

-J
o

1000 2000 3000 4000 5000 6000 7000 8000

* Furukawa test results of optimised
VRLA presented in Macau ALABC 2009




Reliable Storage for Grid Stability

Power Longevity
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Economic Objective

Objective
o Achieve ability to perform continuous regulation.
o BESS suitable for 15 year operation with one battery

replacement cycle.
o Total Service cost target of ~$25 / MW of regulation / hr

Stretch Objective
o Optimize solution and achieve 10-15 years continuous operation

without battery replacement.
°Service cost target of ~$20 / MW of regulation provided / hr




Regulation Income Projection
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Regulation Income [
(Natural Gas Analysis applied to PIM)

Forecast Natural Gas Price
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Regulation Income Projection
(Estimated Service Business 15 Yr IRR)*
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PInA

=PI (opportunity cost corrected)
=P (Matural Gas Extrapolation (MGE))

PIM (NGE opportunity cost corrected)
—NY-150

I150-NE

CAISOD

20% IRR

15% IRR

10% IRR

» Optimisation will move IRR bands downward
 Bidding strategy will also move IRR bands downward




Performance Product Development / Marketing

EPM CSIRO
Testing Testing

Hampton PJM Regulation
Phase 2 Services

1x320UBs 6x320 UBs
1MW PCS 3x 1MW PCS
Delivers CUB prod Automates UB production
Proves Solution and Scale Commercial Application
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