LiNREL

Transforming ENERGY

Charging Infrastructure: What,
Where, and How Many?

NREL Perspective

. q

. Matteo Muratori and Eric Wood

National Governors Association Meeting
Seattle, Washington
April 4, 2019




National Renewable Energy

Laboratory (NREL)

Spearheads transportation
research, development, and
deployment to accelerate the
widespread adoption of

high-Performance’ IOW- I‘I‘ J,\"I‘ -7 -Lf"* . !ﬂ\.\i_i_f__‘[‘:arg?ﬁlhe ‘I‘I‘-‘I‘
. . . | = = -\\ ! 1
emission, energy-efficient : U
passenger and freight Y - | | |
vehicles. ' - o sendis Lo “F""’S“"“’”ih,-f

National Renewable Energy Laboratory is A | | Iy \
. operated for the U.S. Departmentof Energy '/ / ./ / 1 T‘J s - / e

v’ Infrastructure to
support vehicle
electrification

} by the Alliance for Sustainable Energy, LLC

NREL | 2



EV Charging Requirements

While the majority of plug-in electric vehicle
(PEV) charging is expected to come from
residential plugs, a network of non-residential
chargers is required to:

* Support adopters that cannot charge at home
* Enable long-distance travel

* Cope with range anxiety (safety net)

Infrastructure plays a big role in
enabling and supporting EV adoption

Interstate

DC Fast %

Source: National Research Council. Overcoming barriers to deployment of

plug-in electric vehicles. National Academies Press, 2015.
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NREL’s EVI-Pro

EVI-Pro

NREL, in collaboration with California Energy Commission, developed the
Electric Vehicle Infrastructure Projection (EVI-Pro) tool to simulate
charging behavior and estimates charging load profiles and charging requirements
to support PEV adoption, including interstate corridors.
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https://www.nrel.gov/docs/fy17osti/69031.pdf

How Much Electric
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E g ; I P ro I lte State Vehicles Results
Change Assumptions
YO U r ReS U Its Plug-in Electric Vehicles (as of 2016): 8,600
In Colorado, to support 250,000 plug-in electric vehicles you would need: Light Duty Vehicles (as of 2016): 4,974,900

Number of vehicles to support 250,000

A free Simpliﬁed Online 5,590 Workplace Level 2 Charging Plugs

VCI’SiOl’l Of EVI-PI’O tO 3,693 Public Level 2 Charging Plugs

There are currently 1,557 plugs with an average of 2.4 plugs Vehicle Mix Plug-in Hybrids

a S S i S t S t ate and 10 C al per charging station per the Department of Energy’s 20-mile electric range | 19| %

Alternative Fuels Data Center Station Locator.
Plug-in Hybrids

50-mile electri 35 %
governments and make _ | e clcircrange
55 Public DC Fast Charging Plugs Al-Electric Vehicles
. . There are currently 214 plugs with an average of 3.3 plugs 100-mile electric range | 19 %
lfl Sl ghtS fr Om 1' C C Cﬂt per charging station per the Department of Energy’s
Alternative Fuels Data Center Station Locator. All-Blectric Vehicles -
d M M bl b]i 250-mile electric range
stuailes accessible to public Total 100%
and prlvate Org aan atlon S Where Do | Start? How much support do you want to provide for plug-in
. . . . hybrid electric vehicles (PHEVS)?
lnve S tlng ln PEV Chargln g Planners may want to prioritize installation of fast charging infrastructure above Level
2 charging. Full Support
. . Most PHEV drivers wouldn't need to use gasoline
1nfras tructure. Build DC Fast First: Esiatisting fast charging netwarks that enable lang- on a typical day.
distance travel, serve as charging safety nets, and provide charging for drivers Partial Support
without home charging is critical to support all-electric vehicles that have no other ° Calculate using half of full support assumption.
eliemisthis for quicHly exdencing Thelr ciiving Enge. Do not count PHEVs in charging demand
Build Level 2 Second: EVI-Pro typically simulates the majority of Level 2 charging
demand coming from plug-in hybrid electric venicles, which have the ability to use Percent of drivers with
gasaline as necessary for quickly extending driving range. aceass to homa charging 100 | %

EVI-Pro

See all assumptions.



Mitigate DC Fast Charging Cost @ REOD!
Wl Utility Rate

D ATABASE

Cost of fast charging can be high, due to low utilization & demand charges

Energy Charges Demand Charges

Technology solutions can be used to
reduce cost, including batteries and PV
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Source: Muratori M. et al. "Technology solutions to mitigate electricity cost
for electric vehicle DC fast charging." Applied Energy 242 (2019).
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https://www.sciencedirect.com/science/article/pii/S0306261919304581

Impact on Power Systems

PEV charging can have significant impact on power systems and provide
opportunities for optimizing integrated systems (e.g., “smart” charging)

Charging infrastructure determines charging options and impacts PEV loads
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NREL’s EVI-Pro

The Electric Vehicle Infrastructure Projection (EVI-Pro) tool developed in
collaboration with California energy commission estimates PEV charging requirements

and charging load profiles

PHEVs & BEVs
Attributes

Home/Work/Public Real-world Future PEV
L1/L2/DCFC GPS data Stock
(exogenous)

PEV
Driving/Charging
Simulator

Foundational Assumptions

* Future PEVs will be driven in a manner
consistent with today’s gasoline vehicles

* Consumers prefer to perform the majority
of charging at their home location

* Charging at non-residential stations will
be used to maximize eVMT

infrastructure

PEV charging ]
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EVI-Pro: Conceptual

Consumers demand for PEV charging is - Charging
- - - Demand
coverage-based: o 8 -* -
. . o3 S - Market
“Need access to charging anywhere their cg 2 -
oS £ Ly Pull
travels lead them” S = g SR S /S Coverage
L © g_ F Infrastructure
QO &=
Infrastruct d K : €2 Utilization
nfrastructure providers make capacity- s Gap
driven investments: r!
w . . >
Increase supply of stations proportional to PEV Market Share

utilization”
A “utilization gap” persists in a low vehicle density environment making it difficult to justify

investment in new stations when existing stations are pootly utilized (aka: chicken & egg)

We quantify non-residential PEV charging requirements necessary to meet consumer
coverage expectations (independent of PEV adoption level) and capacity necessary to meet
consumer demand in high PEV adoption scenarios
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L1 Vs. L2 Charging

With 12% of the population of the United States, California has 24% of the public PEV
charging stations and 30% of the outlets for charging PEVs .

159 BEV owners and 156 PHEV owners responded to questions in the 2016 California
Vehicle Survey about where and when they charged their vehicles on a typical weekday:
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