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1. INTRODUCTION (terminology, battery construction and operation characteristics)
2. BATTERY TECHNOLOGIES (lead acid, Ni-MH, lithium ion, zebra, metal-air)

3. APPLICATIONS (Portability, renewal sources, Smart Grid, sizing and testing
batteries, safety concerns)

4. NEXT GENERATION (battery challenges, new technologies, the future of energy
storage)
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High Energy and Power densities
Safety

Environment concerns
Recyclability

Costs
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1. High Energy and Power densities
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Every year new batteries are announced
(more powerful, with higher cycle life,
calendar life, with fast recharging
characteristics, cheaper, .....)
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1. High Energy and Power densities AIST Tsukuba

GM and Envia Systems, announced batteries for
electric vehicles with 450 km autonomy
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But from laboratory
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product..... Is like...

e
e B if™
0T T,

"‘ ’a Lﬂrtﬁ- ﬁ. - ':‘-‘w
'd"q:‘
wdd ;oo A

s
a

1 i

‘ﬂ;"’ﬂ
NN




Batte ry Cha l lenges institutos lactec

1. High Energy and Power densities

Are necessary many
field tests

... Laboratory
« lested Product
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2. Safety
Dynamite = 4 Mj/kg = 1100 Wh / kg

TNT = 5 Mj/kg = 1390 Wh / kg
Metal-air batteries = 3000 — 6000 Wh /kg

Stair (St. Andrews air) Technology
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3. Environment concerns

New battery technologies must use environmentally
friendly materials

AN WE ALL g\'f;s USE AND RECOMMEND
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BATTERIES THAT
END UP IN LANDFILLS
EVERY YEAR
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4. Recyclability

THE BATTERY RECYCLING PROCESS .

[ Recycling pant J‘»

EJmtco:e lecrnology]

PLASTIC LEAD ELECTROLYTE

Cases and covers grids posts and Sodium sulfate crystals are
are crushed into terminals are melted down, separated from used electrolyte .
plastic pellets nsm igd k:&qots (dilute sulfuric acid).
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Recycled leadis used o

I+lon & NiIMH
battesies

Plastic pellets are used to make new battery grids. These crystals can be sold for use in
manufacture new battery textile, glass and other manufacturing.
covers and cases Recovered lead oride also used in ]
new battery manufachuring. Heutralized electrolyte can be reclaimed
and reused in battery manufacturing
process or safely managed in accordance (Ilybtid)

_ | Portable
with federal and State environmental laws. ’ / )
electric vehice clectronics
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5. Cost issues

Importance of different materials in cell battery cost structure

Battery cell cost breakdown, 2010" Material cost split, 2010"
Total cost: approx. USD 500/kWh ~USD 195/kWh
Raw materials
Overhead 36%  Cathode
8% ~15%
Other costs o (approx. 30% of .
total cell costs) Anode
R&D goy Separator
i e Material processing - Electrolyte
nergy/Utlities .
g% --------------------------------------- 4% Al fﬂil
Direct labor 19% 12%  Binder/Hardware
Depreciation Material cost breakdown

-------------------------------------------------------------------------------------------

1) Approximate values for ternary mixture (NMC), depend on the chemistry and quality, excl. module/pack components (connectors, housing, BMS, cooling module)

Source: Roland Berger "Battery material cost study V.2.4/ Q1 2011° © 2011 Roland Berger Strategy Consultantlobal. Vehicle LiB Market Study_Auwgust 2011_v2.pptx |
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1000 tonnes / year

Lithium world production
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Lithium carbonate spot price per tonne
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1 18
1A VIIIA
1A . . 8A
1 Periodic Table of the Elements 2
H 2 13 14 15 16 17 He
Hydrogen A BT A IVA VA VIA VIIA Helium
1.008 2A Number 3A 4A 5A 6A 7A 4.003
3 4 5 6 7 8 9 10
Li Be Symbol B C N O F  Ne
Lithium Beryllium N Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 Es 10.811 12,011 14.007 15.999 18.998 20.180
11 12 At 13 14 15 16 17 18
Na M 3 4 6 7 8 9 10 11 12 Al Si P S Cl Ar
Sodium Magnesium nB IVB ViB VIIB Vil IB 1B Aluminum Silicon Phosphorus. Sulfur Chlorine Argon
22990 |  24.305 3B 4B 5B e 8 N\ 1B B 26982 | 28086 | 30974 | 32066 | 35453 | 39.948
19 20 21 22 23 27 28 29 30 31 32 33 34 35 36
K Ca Sc¢c Ti V Fe Co Ni Cu Zn Ga Ge As [ Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55. . . 63.546 65.38 69.723 72.631 74,922 78.971 79.904 84.798
37 38 39 40 41 42 43 44 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc¢ Ru Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum  Technetium Ruthenium Rhodium 1 Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
84.468 87.62 88.906 91.224 92.906 95,95 98.907 101.07 102.906 106.42 868 112.411 114.818 118.711 121.760 127.6 126.904 131.294
I |
55 56 57-71 72 73 74 75 76 77 78 81 82 83 84 85 86 N I t
Cs Ba Hf Ta W Re Os Ir Pt TI Pb Bi Po At Rn 0 new eiements..more
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iricium Platinum Gold Mercury jum Lead Bismuth Polonium Astatine Radon
132.905 137.328 |5 ol 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204" 207.2 208.980 [208.982] 209.987 222.018 '
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 tECh nOIOgyo
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FlI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium | Ununtrium Flerovium Ununpentium | Livermorium | Ununseptium | Ununoctium
223.020 226.025 [261] [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 '60 61 62 63 64 65 66 167 |68 69 70 71 |
Lanthanide
e La | Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium| Neodymium | Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
| 138905 | 140.116 [ 140908 | 144243 | 144913 || 15036 | 151964 | 15725 | 158925 | 162500 | 164.930 | 167.259 || 168.934 | 173.055 | 174.967 |
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinide
e Ac  Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium MNobelium Lawrencium
227.028 232.038 231.036 238.029 237.048 244.064 243.061 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
F |
Alkali Alkaline Transition Basic - Noble . -
Metal Earth Metal Metal Semimetal Nonmetal Halogen Gas Lanthanide Actinide
| - |

© 2015 Todd Helmenstine
sciencenotes.org
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Metal air batteries:
Anode — metal oxidation
Cathode — oxygen reduction

Metal -Air Batteries
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Metal anode Air cathode

Theoretlcal Speclfic Energy (Wh/kg)
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® : Oxygen catalysts
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Battery New Technologies

Metal-air batteries
Battery 500

The Battery 500 technology is an open system using common air as a reagent
which upon recharge releases oxygen back into the environment.

Carbon
Cooyrgen Maolecules
. e
Cathode = Oygen Molecules are absorbed
thrcargh the carkon layer
Anode Cygen and Lithium-ions react chamically generating
corvwector electrical energy and Tarming Lithium peroxide
T Libions dissolved in the electrolyte 1

Electrolyte 1 — impregnates the carbon layer

Lithivm-ion h o, T~ The transport membrane prevents confamination

transport membrana — __,.-"" s H'H,_H of the different layers

# -
Electralyte 2 < i .

~ Lithium metal releases Li-lions in the electrolyte 2
Lithium meatal *

/NN LLLLUTTT [ 1




e
Battery New Technologies liﬂstitutos lactec

Super caps Ultra batteries

Other technologies...

“uel Cells Flow batteries
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Supercapacitors
graphene

¢, .Molybdenum
* di sulfide

A

graphene

Ultra batteries

UltraBattery® Technology Capacity Turnover

Separator Separator

Carbon
Electrode

Lead-Acid Cell Ultracapacitor
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+ UltraBattery® Deep Cycle Standard

® «—— Carbon High Perf VRLA
UltraBattery e ig \thfAmance
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Flow Batteries
[ 1 | -

Electrode lon-selective
, membrane

®

Electrolyte
Tank

s’o: s’o\c_lium Polysulfide

c1f charged

Fuel Cells

Phosphoric Acid and
P.E.M. Fuel Cells
Electron =
Flow
1\
F Hydrogen |@
MBS p
— *:
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Conclusions

< 10 years 10-30 years >30 years

New

Present technologies Hvd
_ rogen
technologies » »
Nanotechnology

Lithium ion
Supercapacitors

Fuel Cells
Other technologies

Metal-air
Flow batteries
Ultra batteries
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