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Exploring the
technical potential
of long-term storage
technologies

Solar and Storage
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Stand-Alone Long-Duration Storage
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Black & Veatch Energy Storage Technology Perspective

There are many attributes of energy storage
that are technically feasible

As price declines, more and more
become economically justified

As prices decline for EV batteries, more and longer duration BESS are built.
So to, as prices for alternatives to battery cells declines, longer durations are affordable ‘

Veatch
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How Does Solar and Storage Work Best?
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Hour of the day
IDEAL Variable Passes Inverter ~ ----- CURTAILED Battery charging Battery discharging

Storage captures clipped and curtailed energy as it happens,
moving energy through time, delivering it to the grid as the sun sets,
and afterwards ... That is when energy has higher value. . ‘

Solar with Storage: Two Fundamental Types
AC Coupled DC Coupled
Inverter
ﬁ R | EE
Solar Array . ~ -~ ;olar Array '
=|l =
Battery Bif::;ee‘;?;n - Battery Converter
AC Coupling is good. It captures curtailed energy
DC Coupling is better. It captures curtailed energy and clipped energy
Which one is best? That depends...

Black &
Veatch
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This Versus That

e Solar with Storage e Stand-alone Long-duration Storage
e Firm dispatchable asset ¢ |Independently dispatched asset
e Smoothing e Manages multiple variables
e Ramping ¢ Variable generation (solar, wind)
e Time Shifting e Variable loads (new: EV)

Storage Technology — Power & Energy, Size & Duration
Electricity Storage Technologies
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“Duration” o High Temwm
FHE CAES: Compressed Air Energy
Storage. “Co-fire”
Hyn
Power Applications Pl o
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Considerations of Power, Time, and Energy identify the Types of Storage to Use ﬂ
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Energy Storage Use Cases (Sample)
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. e, XX : Hours,
Days,
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Months,
Economic Seasons
Dispatch
Locational Vaolt/Var ' TR0 Oeferrnl
Value
Outage Mitigation
Considerations of Power, Time, and Energy identify the Types of Storage to Use .
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Drivers for Long Duration Storage (LDS) (Needs) - VRE

Maximum required storage duration

(hours at rated power)
¢ Paper: Joule (2020)
* Long-Duration Electricity Storage 1000
Applications, Economics, and
Technologies 100
* Paul Albertus et al
¢ Article ®
* h ://www.greentechmedia.com/articles/r
most-promising-long-duration-storage- 1
hnologies-left-standin, 5

Annual electricity from wind and solar on a regional grid (%)
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https://www.greentechmedia.com/articles/read/most-promising-long-duration-storage-technologies-left-standing
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®-Li-ion =Flow -#-PHS

Economics of Duration
(Indicative S/MWh)

e Technologies
Lithium ion BESS
Flow battery
Pumped hydro

e Durations hr (Life yr)
Lilor4d (15 yr)
FB4 or8 (30 yr)
PH8or12 (60 yr)
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Thoughts on Solutions for Long Duration Storage (LDS)

Power Biock Storage tank  Storage tanks cycled with decreasing frequency
cycled daily
e Paper: Joule (2020) c— P —
Long-Duration Electricity Storage ]] ‘ /l .
Applications, Economics, and e
Technologies <10h 10hto30h 30hto60h 60N to 100h
Paul Albertus et al —
=
o Enargy donsity Increased
* Article Storage properties
oy L ast _ th that impact energy
Li-ion BESS: 1%t $/kWh = nt" $/kWh Nl oy T Ve e rqs
i SMeng teducag
Idealized LDS. Subsequent kWh o S
Store more energy Storage duration at rated power (h)

Cycle less frequently
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Solar + Storage versus Long Duration Storage

e Until
e There are markets,
e Valuation of benefits,

¢ Monetization of use cases ...

e Long duration storage will be for

e Demonstrations,
e Pilots, and
e At-scale prototypes

Solar + Storage, with its added production and dispatchability will persist,
... until, maybe after FERC 841’ ?

Black &
Veatch
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Imagine
Energy storage enabling

flexible generation and
stable grid operation
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Imagine no more
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Building
a World of
Difference.
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Contact Us

Building a World of Difference

info@bv.com




