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Two Big Questions....

* How big is the opportunity?

 Which technology is going to win?
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How Big is the Opportunity?

e But first...What exactly is the opportunity?

 What does storage actually do?

* Forget the classic eyechart of multiple services. It’s three big
ones:

— Ancillary services
— Capacity

— Energy time shifting
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Operating reserves have been an important entry

point for shorter duration storage
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Capacity Needed (GW)

Focus of Storage is Shifting

to Peaking/Firm Capacity

160

140

120

100

80

60

40

20

B Ramping

B Nonspinning
W Spinning

M Regulation

B Primary Frequency Response

m Energy

Denholm, P.; Y. Sun; T. Mai. (2019) “An
Introduction to Grid Services: Concepts,
Technical Requirements, and Provision

from Wind” NREL/TP-6A20-72578. NREL | 5



Storage Clipping the Summer Peak and Providing

Firm Capacity

Storage can replace conventional peaking capacity
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NREL's 2023 Standard Scenarios

Projections
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At $1,500/kW that’s more than
S500 billion of cumulative
investments...
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Which technology is going to win?

e |don’t know

 But | can tell you who is winning now and what has to
happen for someone else to start taking market share..
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Who is winning now?

Lithium-lon
Why?

Because its cheaper than anything else for what the market is
currently asking for....

And that comes down to duration...
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Recent Storage Installations
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Peaking capacity is a primary driver for storage

value being installed

But what duration is needed to replace
conventional “firm” capacity for meeting the peak?

40,000 - ..
35,000 //
= 30,000 . T
s N %
T 25000 (<3 2,
— 20,000 —=-1
15 000 MNY1S0 Original I8 FRCC Original
) B NYIS0, 4h Battery Applied =5 FRCC, 4h Battery Applied
10,000
| 00:00  06:00 12:00 18:00 00:00

Time NREL | 11



The Value of Capacity Depends on

Capacity Credit

* Fraction of nameplate that can reliably serve load
e Effective load carrying capability (ELCC) varies as a function of

duration
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Assumed Capacity Creedit (%)
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Many Markets Do This Instead...
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Many regions have implemented a 4-hour
requirement for resource adequacy

So the marginal value of adding a fifth
hour is zero.
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Energy Shifting Value
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Bottom line

Annual Total (Energy and Capacity)
Value (S/kW-yr)

Four hour storage captures most of the value in locations
with a four-hour capacity rule
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To Summarize

1. Nearly all of the monetizable benefits of storage can be
achieved with durations of 4 hours in today’s grid.

2. Li-lon beats every other technology on life-cycle costs at 4
hours and less

* So..when will this change?
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Changes in Value that Favor Longer Duration

* Shift in Value
— Capacity
— Energy

* Additional Values
— Transmission

— Resilience
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Shift in Capacity Value

* Perhaps the most likely shift in value will occur due to
declining capacity credit for short duration storage.

 Two likely causes:
— Use of non-linear derates

— Shift to longer-duration winter peaks
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ELCC (Fraction of Capacity Value

ELCC/Non-Linear Derates
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Net Demand (MW)

Transition to Longer Duration Peaks? (But Probably
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And Four Hours Should be Enough For

50,000
45,000
40,000
35,000
30,000
§ 25,000
20,000
15,000
10,000

5,000

Now....

Demand

Demand
Minus Wind
and Solar

Wind and

\f\\ /‘-J\\/\ o Solar

&7401b &ﬂ4120 &QSOED &75120 &ﬁsotb
. - 0 - . 0 -

CAISO 2020 outages could have been addressed with 2.5 hours
of storage

NREL | 21



Four Hour Storage Maintains Summer Capacity

Value
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Ratio of Summer Peak to Winter Peak

But Winter Peaks are Coming! (or already here...)
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80,000

Transition to Longer

Summer peaks are still narrow...
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Decline in Winter Capacity Value — ERCOT Example

100% —
8 0% | —<
g 20% S o \\/
t%70% ---‘-___-
S 60% e
2 s0% = =4 ERCOT will be here
2 40% soon!
S 30%
% 20%
‘ET’ 10% = = \Winter Summer
0% . . . . . . . . .

Wind (Mw) 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
Solar (Mw) 4,000 8,000 12,000 16,000 20,000 24,000 28,000 32,000 36,000
Storage (VW) 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

NREL | 25



How to Beat Li-lon....

* What happens when the capacity credit of a 4-hour device
falls to ~50%?

e Just build an eight hour li-ion battery?

* Orsomething else?
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Beyond Li-lon? Declining costs and

potential longer duration
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Four Parameters to Consider

* Power component cost (S/kW)
* Energy component cost (S/kWh)
 Round-trip efficiency

e Life
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Breakeven Conditions for 8-Hour

Devices in 2030

Energy Capital Cost Needed to Acheive

Cost Parity (5/kWh)
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Many longer-duration storage technologies are based on higher power-related costs, but
lower energy related costs, creating a crossover point at a certain duration
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life and efficiency
as Li-lon
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Other Key Drivers — Life and

Efficiency
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Other caveats

e Competition for materials

* The normal issues of scaling...
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Actual storage capacity driven by electric vehicles
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Conclusions

* The opportunity is very large

* Li-lonis winning for now because the market opportunities driven
by summer peaks and limited incentives for longer duration

* Opportunities for longer duration will grow

 Thereis alarge surface space of power- and energy-related costs
combinations that could beat Li-lon, especially considering the
potential for longer life, which tends to offset the lower RTE (up
to a point)
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Thank you
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