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By 2030, BEVs will be more affordable than ICEs
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Li-ion battery pricing by cell type
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Battery prices are dropping; will accelerate EV growth
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Cost per kilometer: ICE vs. EV(normalized to 2015 ICE)
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The BEV market is growing fast
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EV Sales and % Growth 2017 — 2018 (1000)
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2018 EV sales by region
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But cost is not the only consumer consideration PERFORMANCE MATERIALS
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Greatest concern regarding all battery-powered EVs %IE E(lCE)FH?—AEQEHQHZIIEIE}%E%IU
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Costiprice premium I _qﬁﬂziﬁﬁﬁ%‘ﬁmﬁ
TREE NS5 (EV) FeFE IR bE B — ICE vehicles have had a century to form consumer
Lack of EV charging infrastructure 0% expectations around safety, reliability and

performance (range anxiety).
EECZEHIRT . -
Tﬁ?gﬁ‘eﬁgﬁfhﬁig - 11% — The move toward e-mobility presents opportunities
to rethink solutions in these areas.
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EVs present unique safety challenges PERFORMANCE MATERIALS

HEEEMEREEE, AM—BHINME, I3 Li-ion batteries are incredibly
S| & IEMR TR B, :ﬁliable; hOV\;(_ever, v(;/hein tthey f?il,
— ey pose a fire and electrocution
£ EEE&B&E’JT R‘F@?T%EEEABE’J Foae 1t hazard.
HSEEENTREZSRREXER, Maintaining the integrity and
temperature of Li-ion batteries in the JSioBas
* T event of critical failure is vital to FIRE RISK
EILE\*Z *:I' EgLJ-F#U:“\ safety.
- BES
_ 3KF VO PEMRER, The ideal material will have:
S as — High strength
_ = 4fas

— VO flammability

— Electrical insulation DANGER

— Long term heat stability
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Consumers have come to expect reliability ‘
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EVs have fewer moving parts and will be
inherently more reliable than ICEs.

However, the stresses on the materials
will be fundamentally different.

— Longer heating and cooling cycles

— Complex cooling systems to manage
battery heat

— High voltage

The ideal material will have:
— Long term heat stability

— Corrosion resistance

— Chemical resistance
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Range and performance still need to be solved
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Li-ion battery technology is reaching its
maximum potential, so range gains will likely
come from ancillary technologies.

Lightweighting will be essential to
increasing range.

We know from ICEs that a 10% weight
reduction yields 6-8% greater efficiency.

Ultra-fast charging and greater charging
infrastructure will also be necessary and
require advanced material technologies.

Ultra-fast charging uses high current power to
charge batteries quickly, causing tremendous
amounts of heat that must be managed.
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Vydyne® PAGG is ready to meet all these challenges T\t arinaats

ZEM QI (k31

Safety Reliability Performance
J | MBI PAGO - fRIE AT FERESEMN A,
P K¢
J series Corrosion-resistant PA66 for use in electrical connectors
ECO E5| TEMMRPAGCRiEmT b T EE B AR,
ECO series Flame-retardant PA66 for use in electrical connectors, wiring and harnesses

HR K5  WREREKERPACO  RIEMRT LIRSS,

HR series High-temperature and hydrolysis resistant PA66 for use in cooling systems.

Fomabideg  UERPAGS = RIER TSN ST, JRa SR

Impact KEE (Noise/Vibration/Harshness)tEx<R FE.
modified Impact-resistant PA66 for use in battery enclosures and NVH applications.
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