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Transforming ENERGY

The National Renewable Energy Laboratory (NREL) spearheads transportation research,
development, and deployment to accelerate the widespread adoption of high-performance,
low-emission, energy-efficient passenger and freight vehicles.

NREL is assessing the potential for energy diversification in transportation (CNG, biofuels,
hydrogen and electrification) and related infrastructure requirements and providing
technical support to national, state, and local entities to:

V' Assess long-term electrification opportunities across different transportation segments & evaluate
policy/technology scenarios for alternative fuel vehicle adoption

v"  Estimate infrastructure requirements to support vehicle electrification
v Understand EV charging costs (affordability) and optimize DCFC station design

v' Explore opportunities for EV integration with buildings and the electric grid
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Electrification Opportunities

Vehicle electrification has the potential to disrupt 120
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the U.S. transportation energy landscape.

Different opportunities for electrification across
different segments and applications in real-world
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technology adoption.
* Today: Complete reliance on petroleum, 90+%

* Possible future: in the EFS High scenario 76%
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of on-road miles traveled from electricity in 2050
o ~85% for light-duty vehicles
o ~95% for buses
o ~40% for heavy trucks
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Transportation accounts for 23% of U.S.
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https://www.nrel.gov/analysis/electrification-futures.html

EV Infrastructure Requirements

NREL developed EVI-Pro to analyze charging behavior
and translate those in public charging infrastructure
requirements to support PEV adoption, including
interstate corridors and support for “garage orphans”.

Sensitivity
Analysis ‘ Non-Res L2 EVSE . . Public DCFC
Estimated requirements for EV 7 PEVs in Cites (D 252 S L G G
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o Evolution of the EV market, Range preference
o Consumer preferences, e vome Charaing | @ - =
© Technology development v S v

Source: Wood et al. 2017. Model: NREL’s EVI-Pro


https://www.nrel.gov/docs/fy17osti/69031.pdf

How Much Electric
RS o
Need in My Area?

State Vehicles Results

EVI-Pro Lite

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’SiOI’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

aSss i S t U S S t ate and 10 C al per charging statien per the Department of Energy’s 20-mile eleotrio range | 15| %

Alternative Fuels Data Center Station Locator.
Plug-in Hybrids

- 35 %
governments and make 550 puoi | S0 mie letrcrange
Public DC Fast Charging Plugs ; All-Electric Vehlcles ="
. . There are currently 214 plugs with an average of 3.3 plugs 100-mile electric range K
11’1 SlghtS fme fC C Cflt per charging station per the Department of Energy’s
Alternative Fuels Data Center Station Locator. All-Electric Vehicles 35 |o
t di ibl t b]i 250-mile electric range
studies accessible to public ot T00%
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 EV 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
1n f]’_‘as tructure. Build DC Fast First: Estabishing ast charging networks tnat enable long- 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.

alternative for guickly extending their driving range.
TR g g 9o 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 nybrid electric venicles, which have the ability fo use Percent of drivers with

gasoline as necessary for quickly extending driving range. access to home charging 100 | %

EVI-Pro

See all assumptions.



EV-Grid Impact

EVs are an additional load that increases total electricity demand and changes its shape.
Integrating EVs creates load growth opportunities for electric utilities but also poses
new challenges in a system of growing complexity.
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* Impact on the overall energy consumption
140 Possible Net Loads
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* Impact on system-level peak electricity
demand can be more significant.

Load [GW]
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* At the local level, clustering effects in EV
adoption and high power charging exacerbate

. . . . 0
the impact on distribution systems o 2.4 86 1024w RDRY
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Flexible EV Charging

charging cost for
1.5M EVs in CA [$/MWh]

Average annual
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The grid is evolving into a more integrated
supply/demand system in which demand-side
distributed resources respond to supply-side
requirements.

Flexible PEV charging can satisfy mobility
needs while also supporting the grid (cheaper
electricity) by optimizing the design and
operation of the electric power systems and .
facilitate the integration of renewables: Withour Y
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— Support operations (e.g., curtailment)

— Distributed services (e.g., reserve,
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Conclusions

Emezrging topic:

* Vehicle electrification is rapidly changing the transportation demand landscape and
requires advanced modeling tools to explore future scenarios.

System-level changes:

* Integrated demand/supply models are required to inform this transformation,
including the key role of recharging infrastructure and EV-grid integration.

Integration challenges/opportunities:

* Electric vehicles introduce load that the grid was not designed to accommodate and
can impact the electricity system, especially the distribution networks.

* Electric vehicles offers great opportunities to optimize the design and operation
of future integrated transportation/energy systems.

NREL | 9



References & Acknowledgement

References:

. Mai, T.T., Jadun, P., Logan, J.S., McMillan, C.A., Muratori, M., Steinberg, D.C., Vimmerstedt, L.J., Haley, B., Jones, R. and Nelson, B., 2018.
Electrification Futures Study: Scenarios of Electric Technology Adoption and Power Consumption for the United States. NREL Report

. Wood, E., Rames, C., Muratori, M., Srinivasa, S. and Melaina, M., 2017. National plug-in electric vehicle infrastructure analysis. EERE
Report
. Muratori, M., 2018. Impact of uncoordinated plug-in electric vehicle charging on residential power demand. Nature Energy, 3(3), p.193.

. Muratori, M., Mai, T. “The Shape of Electrified Transportation”. Forthcoming

. Muratori, M., Elgqvist, E., Cutler, D., Eichman, J., Salisbury, S., Fuller, Z. and Smart, J. "Technology solutions to mitigate electricity cost for
electric vehicle DC fast charging." Applied Energy 242 (2019).

The work included in this presentation was partially developed by a team of researchers at NREL with support
from the U.S. DOE Vehicle Technologies Office (VTO) and System Priorities and Impact Analysis (SPIA) office as
well as the California energy Commission (CEC). I'd like to acknowledge all the contributors (see references
below) and sponsors.

The views and opinions expressed in this presentation are those of the author alone and do not reflect the
positions of NREL or of the US government.

NREL | 10


https://www.nrel.gov/docs/fy18osti/71500.pdf
https://www.nrel.gov/docs/fy17osti/69031.pdf
https://www.nature.com/articles/s41560-017-0074-z
https://www.sciencedirect.com/science/article/pii/S0306261919304581

Thanlks! Questions?

Matteo.Muratori@NREL.gov



mailto:Matteo.Muratori@NREL.gov

www.nrel.gov

NREL/PR-5400-74795

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by the
U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Vehicle Technologies Office and
Strategic Priorities and Impact Analysis Team, and the California Energy Commission. The views expressed in the
article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and
the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or
allow others to do so, for U.S. Government purposes.

NREL

Transforming ENERGY




EV Charging Protiles (I.ocation)

EV charging profiles can look significantly different (and would require different levels of
charging infrastructure) if vehicles are charged at different locations (while respecting

mobility needs)
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Mitigate DC Fast Charging Cost ® REODT
Wl Utility Rate
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Cost of fast charging can be high, due to low utilization & demand charges

Technology solutions can be used to Energy Chares Demand Crge
reduce cost, including batteries and PV
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