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Solid State Electrolytes

InorganicSolid (ISEs)

- LiPON, Li3N

- Perovskite: Li3.5La0.51Ti02.94

- LISICON: Li3.55i0.5P0.504

- Garnet: Li7La3Zr2012

- NASICON: Na3.37r1.7La0.3Si2P012
- Sulfide: Li2S-P2S5, Li10GeP2512

- PEO-based SPEs
- Single ion conducting SPEs

Composite Solid (CSEs)

- Gel polymer electrolytes

- Il-nanoparticle electrolytes

- High-salt electrolytes

- SPEs with inorganic filters

- Polymer/nanoparticle electrolytes

Thermal Stability

Ionic Conductivity Flexibility

Chemical Stability

Need a breakthrough
of anew material

Interfacial
Compatibility
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BatFery Pack Potential Missions Potential Market Introduction
Specific Energy
> 700Whk X 4 T Single aisle, 150-passenger single-
E ,.,5% \»-:\ aisle aircraft, long range
Expansion to various classes of
hybrid-electric regional aircraft,
S00Wh/kg E \‘,)!' short-range 150-passenger,
single aisle hybrid-electric aircraft
B | single aisle hybrid-electric aircraf
Desired capability for all-electric
Svjeoftv;/hét?’or eVTOL urban air mobility, long-range
eVTgL ,_-.!B‘"W all-electric commuter, Initial version
3 ) of small hybrid-electric regional
All-electric eVTOL urban air mobility
with 4 passenger and
300wWh/kg #ﬁ' }‘5“: 50+ mile range: 20-passenter
all-electric commuter
Initial commercial introduction
SOA possible for all-electric with limited
(150~170Wh/kg) range and payload, extended
capability with hybrid-electric

(T2 4) CfAs Al MIEEl= M7 [8k87 12| R HiE2 | Me K&
(NASA Glenn Research Center MIZ)

Z£Xx| : White Paper: The US Department of Energy Vehicle Technologies Office
and National Aeronautics and Space Administration Joint Assessment of the
R&D Needs for Electric Aviation, September 2021
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MATERIALS SCIENGE

Zinc aims to beat lithium
batteries at storing energy

Rechargeable batteries based on zinc promise (o be cheaper
and saler for grid storage

Science
Wanss

A better battery
Zinc is cheaper than many battery metals and could
store more energy.

1000 L
Ni-metal
hydride Batteries based on
other metals
o 190
]
2
g o ® Pb-acid
< Zinc-based
g rechargeable batteries
250 |
® Li-on [
NiZn
9@ Zn-Mn0, ® Zn-air

0 T
0 10 200 300 400 500
l Energy density (watt-hour/kilogram)

(T2 6) HEfR] S5 OARIZE | MAED} |
(22 Sitto 2 SE2E THH| £3)

[1]J. R. Zabaleta, Zinc air fuel cell vehicles; Review of different
technologies to obtain zinc from zinc oxide, lllinois Institute of
Technology (2011)

[2] U. S. Patent 5,190,833, (1993)

[3] S. S. Shinde et al., Ampere—hour—scale zinc—air pouch cells, Nature
Energy, 6, 592—604 (2021)

[4] Robert F. Service, Zinc aims to beat Lithium batteries at storing
energies, Science, 372, 890 (2021)
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Greenhouse gas emissions by sector, World

Greenhouse gas emissions are measured in tonnes of carbon dioxide-equivalents (COze)
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— e e R ——— i ———— Other fuel combustion
Aviation and shipping
Ot . . . .
1990 1995 2000 2005 2010 2016
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Global greenhouse gas emissions by sector

T'his is shown for the vear 2016 - global greenhouse Ln-. emissions \\m 49.4 billion tonnes CO.eq.

OurWorldinData.org - Research and data to make progress against the world's largest problems.
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Global production capacities of bioplastics 2021 Global production capacities of bioplastics 2026

(by material type) (by material type)
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Clobal production capacities of bioplastics 2021 (by market segment)

in 1,000 tonnes
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