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The Science is settled

We have to reduce CO, emissions.
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Transportation GHG Emissions
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Source: Melaina, M.W.; Heath, G.; Sandor, D.; Steward, D.; Vimmerstedt, L.; Warner, E.;
Webster, K.W. (2013). Alternative Fuel Infrastructure Expansion: Costs, Resources,
Production Capacity, and Retail Availability for Low-Carbon Scenarios. Transportation
Energy Futures Series.

NATIONAL RENEWABLE ENERGY LABORATORY




Projected driving distance
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What does sustainable transportation.mean?
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Improvements that help all powertrains
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Source: Gearhart, Chris. (2016). Implications of
sustainability for the United States light-duty transportation
sector. MRS Energy & Sustainability V3 e8.
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Internal Combustion Engine and Drive Line lmprovements

Reduce pumping losses
Reduce friction

Increase thermal efficiency
More efficient transmissions

Full Hybridization

o More efficient engine operation
o Down size engine

o Regenerative braking

50
Boiling Point (F)

Top photo by Dennis Schroeder, NREL
Bottom photo courtesy of Cummins
[llustration argfigure by NREL
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2035 Potential ICE
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Source: Gearhart, Chris. (2016). Implications of
sustainability for the United States light-duty transportation
sector. MRS Energy & Sustainability V3 e8.
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Fuel Cell Electric Vehicles

* Fuel cell system 59% efficient

Fuel Cell System1 Ei‘ficiency2
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Created: Sap-02.08 1127 AM due to steady state dynamometer cooling limitations.
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2035 Potential FCEV
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Source: Gearhart, Chris. (2016). Implications of
sustainability for the United States light-duty transportation
sector. MRS Energy & Sustainability V3 e8.
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2035 Potential BEV
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Source: Gearhart, Chris. (2016). Implications of
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sector. MRS Energy & Sustainability V3 e8.
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Better Vehicles
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With low-carbon biofuel

78 Billion gge

50 Billion gg

39 Billion gge

on of Energy from Biofuel

[(—

Range of Biofuel
Clestimates from
NRC study”.

Cl of Biofuel (g CO2 / kWh)

2015 US production of ethanol about 10 billion gge™ — Need a 4 to 8 fold increase by 2050

*2015 — NRC Transitions to Alternative Vehicles and Fuels **http://ethanolrfa.org/resources/industry/statistics/
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Low carbon hydrogen needed

22 Billion kg

from Green Hydrogen

Wind Generated

Hydrogen

Cl of Green Hydrogen (g CO2 / kWh)
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Improved Electric Grid

0% Renewable/Nuclear

0%

0% 20% 40% 60% 80% 100% Natural
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* More efficient engines running on high fractions of
biofuels

* 40 to 80 billion gge of biofuel

* Infrastructure to produce and distribute 10s of
billions of kg renewable hydrogen

e Better power electronics, batteries, motors, and fuel
cells

* EV charging solutions to break current range issues.
* Grid electricity at less than 345 g CO, per kWh
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Thank You!

For more details please refer to

Implications of sustainability for the United States light-duty
transportation sector
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