PV + Storage — A New RE Source
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Advantages of Renewable Energy

» Energy Security and Diversity
» Emissions Reduction

» Electricity at Operating Cost
at the end of the period

» Price stability

» Educational / PR Value
Sustainability
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Issues w Renewable Energy

» Intermittency
» Need for Backup
> In Germany, daily Min vs. daily Max in a year: 30 Vs 530 GWh
» Sequence of low production days
» Summer — Winter imbalance (at least 50%)
» Costs (Less so today)
» Cost of electricity in Germany doubled
» Cost is upfront
» Transmission Grid upgrade P
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What do we need?

» Other renewable sources (geothermal, salt concentration, fusion)
» Higher efficiency solar / secondary land use / Land
» Storage

> Fuels production (electrolysis, photon based, etc)

» Carbon Capture (?)

> Efficient power generation from fuels
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Why is PV + Storage a Game Changer

» PV is non dispatchable
> Intermittent
» Sharp Ramp on / Ramp off
» Not at the best time
» Storage needs a power source
» Pumped hydro runs on coal ?
» PV + Storage is a new RE source !
» Local production opens the door to new applications
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Gas Peaker Vs Batteries

LCOE ($/MWh, nominal)
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Cost of PV + Storage

LCOE ($/MWh, 2018 real)
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85% Renewables today ?

% @ $0.1 per KWh small scale today

$0.08 per KWh larger scale today
$0.06 per KWh in a few years P
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PV + Desalination

» Power is 25%-30% of water cost

» Local PV can reduce costs by
10%-20%

»Water can be stored & supplied
as needed
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PV + Smeltering

> Can we use PV for heat? Electrolysis of Aluminum

Electric Fower |||||

»1 MMBTU=293 KWh Souree

> Gas costs $5 / MMBTU <@
1 KWh heat = 0.06 shekel
1 KWh heat (PV) = 0.085 S

Carbon Anode:
602 ->30,4+12e

molten

cryolite, NazAlFg,
and :‘!‘1]203

Iron Cathode:

molten

AA173 1 12e —» 4 Al alurmninum

Bauxite ore is purified to Al;03, which is mixed with cryolite, a

rmixture of NaF and AlF s, whichmelts at 1000 C.
C. Ophardt ¢ 1997
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Hydrogen Cycle
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Hydrogen Cost
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Cost of Kg of H2 (blue) and Kwh by PEM FC (orange)
as function of Kwh cost from PV , Wind or Grid
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Storage & Renewables

» Storage is a must for significant penetration of renewables

» Li-lon industrialization projections look very positive
Current cost of PV+Storage $0.1-0.15 /KWh

» Competition between batteries and hydrogen
Current costs of PV+Hydrogen Storage $0.15-0.25 /KWh

» Competition w heat
Current costs of PV+Heat Storage $0.08-0.1/ KWh (e)

» Long term storage must use fuels
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