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What’s here
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US EV sales exceed 758k at end-of-2017
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Through end-of-2017; EPRI analysis




California share
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What’s coming
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What kinds of EVs can our customers choose from?
Customer choice increasing with ~90 EVs by 2022
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Range of battery electric vehicles (BEVSs) is increasing
with increasing customer choice
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2017 Los Angeles Auto Show featured many EVs
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Here come the big ones
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Ut|||t|es are proposing ~$2.4B in EV charging

$2.0M (1,175/107 Q. "8ipec

(_"-‘?Zi?‘"ﬁw $2.8M $20M (200/300) Fortario
Annsta $3.1M (180/4) $25ME ca‘nEdasun
$45M EVERS=UR§.R‘.GEv

@PU@ETSOUND ENERGY $2.5M (~5,000/0) $25M nationalgrid

/"G}/ $8.7M $11M Narragansett

" PACIFIC POWER $4. SM. s1.7m A gene™
W s130m sa7m Ipl
I $253M —

$10.5m T

A
$0.6M %2 4meren

\h

e *$244M $20M (920/16) ~KCAL
ROCKY MOURTAIN
% $10M $0.5M [GE KU
;) $15M $12M (2,400/37) GEDRGIAA
TCamtonts 0 R T NSNS, e
e
RTINS Key Challenges $0.4M A, GuIf Power
Make-ready / rebate = EV awareness 4~ DUKE
5
Utility-owned = Customer education $am % EQ!EEGY@
Hybrid

= Easy and reliable public charging infrastructure (to find, access, use, and pay)
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Can the grid handle it?

Note that in this discussion “generation” refers to energy, for example in GWh, and
“capacity” refers to the ability of generators to supply power, for example in GW. Both are
scaled to the number of vehicles, based on the numbers in slide 14. Note that there are
many reasons that these national figures for generation and capacity would not be
available to every customer in every location; they are meant to convey the order-of-
magnitude.

13



Impacts per vehicle
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EPRI analysis of western utility; although no time-of-use variation was in place for this rate,
many people still waited until after midnight to charge.



Recent electricity consumption (2006-2016)
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The US generates enough electricity to fuel 1 billion cars at current vehicle efficiency levels.
EIA data (with scaling)



Generation growth (1945-2015)
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In the past 10 years there has been little growth in generation, but historically there have
been sustained periods of time when the grid added 25 million vehicles worth of
generation per year. EIA data (with scaling)
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Total capacity (2016)
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The US also has capacity equivalent to about 900 million vehicles (note that intermittent

renewables are excluded from this). EIA data (with scaling)
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Capacity growth (2000-2016)

60
- m Coal

o %0 H Petroleum
% 20 | m Other
>
£ B NG steam
'E 30 NG peak
ey || B NG combined cycle
2 20
g8
8

10

Nuclear

M Hydroelectric
= o Biomass
0 I . . I . . I I Other renewable
£ 0y
'\, X
&

[}
"é‘-l

m '\, D '1, S
Year installed

B Energy storage

ELECTRIC POWEI
RESEARCH INSTITUTE

18
© 2018 Electic Power Ressarch Instiuts,Inc. Allights reserved. (S =]

In the past 16 years, the US has added about 10M-50M vehicles worth of capacity per year
(note that intermittent renewables are excluded from this). EIA data (with scaling)



Residential distribution impacts
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» Sacramento Municipal Utility District analysis of distribution
impacts

For the same number of vehicles, scenarios with high power incurred much higher costs
than those with less power. Delaying charging till midnight helped in most situations. Note
that what is good for the distribution system may not be good for generation capacity and
vice-versa. For more information see “SMUD’s EV Innovators Pilot - Load Impact
Evaluation”: https://www.smud.org/-/media/About-Us/Research-and-
Development/Energy-Research-and-Development/research-EV-
innovators.ashx?la=en&hash=AC5E4B8ED85279926EBF59B54E41426FFE79F29A
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Can we be smarter?

That was the “big iron” solution; how about using intelligence to mitigate problems?
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Options to improve

= Charge management
— Time of use rate
— Direct signaling
=Demand response
=Vehicle-to-grid




Charge management at EPRI — Open VGI platform
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Open VGl is meant to be a “Rosetta Stone” to allow different upstream communication
protocols and methodologies to interface with different vehicle ones, while ensuring end-
to-end security.



Vehicle-to-grid at EPRI — Smart Power Integrated Node
(SPIN)
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SPIN is a specific devices being developed to act as a smart inverter to route power betwee
advanced energy products, particularly those using DC power. The project includes funding
and involvement from DOE and CEC.
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SPIN Operating Modes / Scenarios

Solar Inverter Backup Power System Battery Charger
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This is an overview of the proposed use cases.



Together...Shaping the Future of Electricity
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