Introduction to
Solar Electric Battery Systems




Instructor Biography Jim Parish

Jim has been involved in the Solar Industry for over 15 years. He designed and installed
the first Photovoltaic system on his home in 2001 and the system was Progress Energy's
first Florida residential interconnected Solar Electric System.

Jim received training at the Florida Solar Energy Center (FSEC) by attending their
Photovoltaic Installer Course in 2007.




Iron Edison Battery




Battery Type- Lead Acid

B Owns market share in deep cycle
market

B During Discharge

Solid lead plates become lead
sulfate in solution

Electrolyte loses sulfuric acid,
becomes mostly water

B Over time the lead sulfate crystalizes
BLimits cycle lifeto5 -7 years

BoConsumabl ed6 product

Pb + PbO, + 2H ,SO, — 2PbSO, + 2H ,O



Advanced Lead Acid

Lead- Acid batteries consist of
two electrodes: Lead and lead
dioxide immersed in sulfuric
acid.
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Putting electricity into the battery (charging)
forces the sulfate coating off the plates and back

Into the electrolyte, making it more concentrated,
and the plates return to lead and lead oxide.
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Sodium based battery - NAS

Sodium - sulfur  (NaS) batteries
use molten sodium and sulfur
electrodes separated by a
ceramic electrolyte
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Flow Battery Technology

Flow batteries use liquid electrolytes with fixed cells to store and regenerate
power . Various flow battery chemistries exist such as vanadium redox,
zinc - bromine , iron - chromium etc.
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Battery Type- Nickel Iron

+ Invented by Thomas Edison
BoThe 1 deal storage |
1 Alkaline chemistry
BOxygen Lift |\

} Resistant to freezing, over -
charge and over - discharge

} Lower energy density ob
Bldeal for stationary storage '




Battery Type- Nickel Iron

OThe fundament al ogidation candp &
reduction of metals in an electrolyte which

neither combines with nor dissolves either the
metals of their oxides. o

OThe active materi als of
Insoluble in the electrolyte , no chemical
deterioration takes place therefrom . 0

Extremely long life of 30+ years

No heavy metals, completely recyclable



BPositive Electrode (Cathode)
1 Nickel Hydrate

12 NiOOH +2H ,0+ 2 & «<—> 2 Ni(OH), + 2 OH -

BNegative Electrode (Anode)
1 Iron Oxide

TFe +20H" «—— Fe(OH), +2 e -

CHARGE = Right to Left DISCHARGE = Left to Right






Lithium Iron Assembly




Battery Type- Lithium Iron

1 Lithium IRON Phosphate (LIFePO4) is different
than other Lithium ION batteries

+ LIFePO4 is safer, resistant to thermal runaway
1 No maintenance or off gas
+ High power, light weight

1 14 year cycle at 50% DOD
} Integrated DC Disconnect

1 Steel Enclosure




Battery Type- Lithium lron

BPositive Electrode (Cathode)

Lithium iron phosphate on aluminum terminal

LIFePO, <— FePQO, + LI" + e

BNegative Electrode (Anode)

Graphite on Copper Terminal

LiI* +e- +C <«—LIC |

CHARGE = Left to Right DISCHARGE = Right to Left



Battery Type- Lithium Iron

BDue to significantly stronger bonds between the oxygen
atoms in the phosphate (compared to the cobalt), oxygen is
not readily released, and as a result, lithium iron phosphate
cells are virtually incombustible in the event of mishandling
during charge or discharge, and can handle high
temperatures without decomposing

Lithium Iron Phosphate | Lithium Cobalt
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Lithium vs Lead

ULTRALIFE

Summary of Li-lon advantages compared to Lead Acid

Li-lon Advantages
Higher voltage in Lithium lon over Lead Acid 3.7v vs 2.0v (almost 2x)
Greater Energy Density per unit Weight (3x), Volume (6x)
Lighter / smaller providing more portability, less storage space, could even eliminate storage boxes
Tolerates Higher Temp (140F vs 80F), No Air Conditioning required (vs spending 10% of capacity)
Faster recharge time, and More time between recharges (26 wks vs continuous or max 2 wks)
Higher turnaround charge efficiency (97% vs 75%)
More Discharge Cycles (2x)
Deeper Discharge Tolerance (95% vs 50%) — Can offset cost due to shallow Lead Acid discharge
State of Health and State of Charge can be readily and remotely monitored
Longer time between service (24-36+ mos vs 6 mos)
Replacement timeframe Li-lon 5-7 years Lead Acid 1.5- 2 years

i-lon Disadvantages
Li-lon Protection Circuitry is custom & expensive
Lead Acid Overall Circuitry is Commercial off the Shelf (COTS) & inexpensive
Li-lon volatility must be closely managed and addresses with safety considerations in design
Individual Cellcost ROM Li-lon $300-$400/kWhr vs Lead Acid $80-$100 / kWhr
Sys Cost (with circuitry) ROM $500 / KWhr $125 / kWhr

Ultralife Corporation




Lithium Safety Concerns

Battery Testing — Failure Modes w@ |
J . Product Service

|
Internal Short Circuit
Short Circuit

Overdischarge
External
Overload Heating
UV SUD Product Service Ltd 1UV

Elevated Temperature Thermal Runaw ay >







