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PUumped hyaroelectric storage systemes

SImpLle systems that store potentiat enerqgy

‘. Pros

Elow of water to e Established technology

generate electricity e |ong lifetimes (50 - 60 years)

(high demand) e High operational efficiencies (70 - 85%)
e | ow storage costs

Station

Flow of water
during pumping

Cons

(low demand)

Limited geographical applications
High initial investment costs
Permits and regulations (‘red tape”)
Low energy density (large footprint)



(= , amerainoe
= =

a

v 4 | J ¥ |
QUITIPCSQ INYQIOCSLECLIIC SLOIra(c




| 7 ~Y b v \ 27 ;\ N N
1194 - K - OO &

Al 1C L U A 1OUEC

® Metal
() Lithium-ion

B carbon

===« Separator

—> Discharge
<«— (harge

Negative electrode  Electrolytes Positive electrode



©2019 Let's Talk Science

DISCHARGING

move through (intercalate)
the cathode and anode
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Pros

Rechargable

High energy and power density
Self-discharge (1 min - 8 h)

High operational efficiency (85 - 95%)

= Cons

Can cause battery fires (Samsung Note 7)
Ageing (only able to last ~15 years)
Transportation issues

Cost (40% more than Nickel cadium cells)
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Lithium-ion battery price outlook

Lithium-ion battery pack price (real 2018 $/kWh)
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Source: BloombergNEF
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Pros

s Environmentally-Friendly

o
‘ : e Fuel-Efficiency (65%~70%)
o

Alcaline or PEM High Temperature

Slecome SR Can be re-electrified in fuel cells (max 50%
- I w efficiency)
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Re-electrification | Industrial applications , e Hard To Transport
Electrici GF.:“MC:' gm Industrial
| nes Ammonis products e \eryFlammable
Q}{_[ P ‘—ﬂ e High cost (raw materials like Pt)
e Current grid not the ideal source of

electricity for electrolysis
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February 2018: the Federal Energy
Regulatory Commission (FERC)

unanimously approved an order that will Brojecis R o
lead to greater market competition in the e —
energy grid sector. Siomge Thera oot
29%? g Electro
Electro- - mechanical, 1%
. Electro- mechanical | : (172 MW)
May 2018. the Department of Energy's chemical 5% : Bl

59%

chemical, 3%
(758 MW)

Advanced Research Projects Agency
(ARPA-E) committed up to $30 million in
funding for long-term energy storage
innovation.
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Thank you for listening



