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Vehicles




Electric Vehicles

* Electric vehicles (EVs) use electricity, which improves fuel economy and
lowers fuel costs. (DOE, n.d.)

* There are 4 types of EVs:
o Battery electric vehicles (BEVs)
o Plug-in hybrid electric vehicles (PHEVs)
o Hybrid electric vehicles (HEVs)
o Fuel Cell Electrics Vehicles (FCEVs)
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https://afdc.energy.gov/vehicles/electric

Types of EVs

BEV
*  Powered by an electric motor that uses energy stored in a battery.
*  The battery is charged by plugging the vehicle in to charging equipment.
*  Can travel about 100 to 400 miles on a single charge, depending on model and battery options.

*  Powered by an internal combustion engine and an electric motor that uses energy stored in a battery.
*  Battery is charged by plugging the vehicle into charging equipment.

*  Powered by an internal combustion engine and an electric motor that uses energy stored in a battery.
*  The battery is charged through regenerative braking, not by plugging in.

*  Powered by a propulsion system similar to that of electric vehicles, where energy stored as hydrogen is
converted to electricity by the fuel cell.

*  Fueled with pure hydrogen gas stored in a tank on the vehicle.
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EV Categories

Vehicle Images (Left to Right, Top to Bottom):

Passenger Com mercial Two_ and Erik Nelsen, ICF; P.J. Ray, PNM Resources; Erik

Nelsen, NREL; Dennis Schroeder, NREL;
. Margaret Smith, Akimeka; Virginia Clean Cities;
Cars Vehicles Three-Wheelers  ciieison st andmahindra eectic

A number of light-, medium-, and heavy-duty all-electric vehicles, PHEVs,
and HEVs are available from a variety of automakers.
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* EVs are becoming more
affordable and available.
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Source: Joshi and Gokhale-Welch, 2022
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EV Charging

* Tens of thousands of EV charging stations are available across the United States.

* Charging stations are being installed in key areas for public charging and
workplace charging as a supplement to residential charging.

* Locate public EV charging stations using the Alternative Fueling Station Locator.
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Figure. Range of typical dwell times for chargers at various locations
Image: Joshi and Gokhale-Welch (2020)
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EV Charging Availability

Interstate
DC Fast ’,'.‘}

* Most EV owners do the majority of
their charging at home.

* Non-residential chargers are necessary to:

*  Support EV drivers that cannot reliably charge at
home

*  Support fleets such as delivery vans, buses, ride-
share drivers, and others

*  Facilitate longer trips
*  Enable long-distance travel

* Availability of charging infrastructure plays
an important role in enabling EV adoption.

Image: Muratori (2018)
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https://www.nrel.gov/docs/fy18osti/71102.pdf

Electric Vehicle Supply Equipment (EVSE)

Level 1 EVSE
Residential Charging

YV V V

Level 2 EVSE
Residential and Public Charging

Approximately 5 miles of range per
hour of charging.
Slower charging.

Charger plugs into a standard outlet.

Cannot process payments and data.

Images by Erik Nelsen, NREL

Approximately 25 miles of range per
hour of charging.

Less expensive to install and operate
than a DC Fast Charger.

Can process payments and data.

DC Fast Charger
Public Charging

YVVVYVYYV

100-200+ miles of range per 30
minutes of charging.

Faster charging.

Expensive to install and operate.
Can process payments and data.
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Heavy Duty Fleet Electrification

* Medium- and heavy-duty electric vehicles are being increasingly deployed due to increasing battery ranges,
lower battery costs, reduced operating and maintenance expenses, and a competitively low cost of
ownership.

* The shift from traditional diesel vehicles to heavy-duty electric trucks raises concerns about range
limitations, insufficient recharging infrastructure, and recharge times.

* Considerations for fleet electrification
o Charging time and scheduling
o Electricity demand
o Safety and maintenance
o Training
> Vehicle selection

o Infrastructure installation

o More details on fleet electrification image by NACFE

Source: Squires, 2025

National Laboratory of the Rockies | 11


https://afdc.energy.gov/vehicles/electric-fleets

EV Considerations
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Figure. Potential increase in U.S. electricity demand due to transport

electrification, 2020-2050
Graph: Jadun et al. (2017)

Higher up-front costs

Charging infrastructure buildout
Safety considerations

Shift in the workforce

Charging time and range limits
Increased electricity demand
Reduced maintenance and fuel costs
Improved air quality

Increased fuel efficiency

Falling costs for batteries
Performance benefits and quiet operation
Enhanced energy security
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Natural Gas Vehicles

Natural gas fuels more than 175,000 vehicles across the United States.
Natural gas vehicles (NGVs) are commercially available in the United States.

Natural gas used for transportation is available domestically and is supported
by existing distribution infrastructure.

NGVs are used for high-mileage, centrally fueled fleet operations, particularly
in areas with access to compressed natural gas (CNG) fueling infrastructure.

For vehicles that require an extended driving range, liquefied natural gas (LNG)
has a higher energy density than CNG.

NGVs generally have a lower driving range than that of comparable gasoline or
diesel vehicles.

Increasing onboard fuel storage capacity can extend driving range, though
additional tanks add weight and may reduce cargo capacity.

Workers at the City and County of Denver Platte
Facility fuel their garbage trucks with time-fill
CNG dispensers that uses lower pressure fueling,

unattended, overnight.
Photo: Dennis Schroeder, NLR

Source: Alternative Fuels Data Center, Natural Gas Vehicles, n.d.
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Types of NGVs

e Heavy-duty NGVs, as well as many medium-duty models, are
available from original equipment manufacturers (OEMs).

* NGVs are categorized into three configurations:
o Dedicated: Vehicles run exclusively on natural gas.

o Bi-fuel: Vehicles have two separate fuel systems and can operate
on either natural gas or gasoline.

o Dual-fuel: Vehicles that operate primarily on natural gas with
diesel fuel used for ignition assistance; typically limited to heavy-
duty app“cations. Pto:TCTransitSystem

* Vehicles may also be converted for natural gas operation by
gualified system retrofitters.

e Additional information about natural gas vehicles.

Source: Alternative Fuels Data Center, Natural Gas Vehicles, n.d.
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https://afdc.energy.gov/vehicles/natural-gas

Propane

* Propane is the third most common transportation
fuel worldwide, behind gasoline and diesel.

» Also referred to as liquefied petroleum gas (LPG) or
propane autogas.

* Propane is stored as a colorless, odorless liquid
under pressure in a tank.

* When pressure is released, the liquid propane
vaporizes into a gas that is used in combustion.

Photo: Matthew Jeffers, NREL

Source: Alternative Fuels Data Center, Propane Fuel Basics, n.d.
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Propane Vehicle Considerations

* Propane has a high-octane rating and can support
spark-ignited internal combustion engines

* Vehicle Options

o Avariety of medium- and heavy-duty propane vehicle B oo ; = s i
models are available. il - gl

Internal Combustion Engine Tank Valve and Overfill
(spark ignited) Protection Device

Fuel Gauge

o @Gasoline vehicles can economically, reliably, and safely be
converted for propane operation using qualified system
retrofitters.

. Float Assembly

o Driving range is comparable to conventionally fueled
vehicles.

™\ Fuel Injection System Fuel Filter

* Propane vehicles can cost more than comparable
gasoline vehicles, but the cost of the fuel is typically
lower than that of gasoline, so the return on Hstration by losh Bauer, NREL
investment can be short.

e Additional information on propane vehicles

Source: Alternative Fuels Data Center, Propane Vehicles, n.d.
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https://afdc.energy.gov/vehicles/propane

Propane Vehicle Fueling

* The U.S. Department of Energy’s Alternative Fuels Data
Center (AFDC) Station Locator tool provides information on
public and private propane fueling stations.

* Fleets may use existing public infrastructure or establish
private infrastructure and pricing structures with local
propane marketers.

e At primary fueling sites, propane prices per gallon are often
lower than gasoline prices.

Buses fueling at a propane station in Colorado.

* Propane used for transportation is associated with reduced oo fyon Teser adoms county schaotosree
levels of certain pollutants compared to conventional fuels.

* Propane can provide safety and public health benefits;
spilled fuel presents no threat to surface water, groundwater
or soil.

Source: Alternative Fuels Data Center, Propane Fueling Stations, n.d.
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Propane Vehicle Case Study

* Pennsylvania Benefits

* Financial benefit to the school district: lower total cost

e 1,000 propane school _ )
of ownership compared to diesel.

buses in 20 school
districts o The purchase price of a propane bus is often more than the
price of buying a diesel bus, but the lower total cost of
ownership for propane buses provides a return on
investment.

"-'-"1'1|iyjHiLJli_[ | [

* Infrastructure is readily available.

* Improved fuel economy and performance, including in cold
weather.

Photo: Werner Slocum, NREL

* Reduced noise.

Source: Alternative Fuels Data Center, Propane School Bus Deployment in
Pennsylvania Showcases Environmental and Economic Benefits, 2023
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Fuel Cell Electric Vehicles

* Fuel cell electric vehicles (FCEVs) use hydrogen, which can be
produced from a variety of energy sources and is used in fuel cells to
generate electricity.

* FCEVs have higher energy conversion efficiency than conventional
internal combustion engine vehicles.

* Light-duty FCEVs can be refueled at retail stations in under 5 minutes
and typically provide a driving range exceeding 300 miles.

* Medium- and heavy-duty FCEVs can accommodate bigger tanks,
however, they may face weight limitations due U.S. Department of
Transportation regulations that could reduce the total load potential.

Photo by Dennis Schroeder, NREL

* Light-duty FCEVs are commercially available in limited quantities.

* The FCEV market is emerging for buses, marine vessels, ground
support equipment, medium- and heavy-duty trucks, material
handling equipment (e.g. forklifts), and stationary applications.

Source: Alternative Fuels Data Center, Fuel Cell Electric Vehicles, n.d.
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Aviation, Marine and Freight




Aviation Fuel

e Sustainable Aviation Fuel (SAF) is produced from non-petroleum feedstocks.

* Feedstocks for SAF include fats, greases, oils, food and yard waste from municipal
solid waste, woody biomass, and other feedstocks.

* SAF can be blended, with limits, with conventional jet fuel at levels ranging from
10% to 50%, depending on the feedstock and the production process.

* SAF, once blended with Jet A, meets ASTM D1655 and is used in existing aircraft
and infrastructure.

e According to the International Civil Aviation Organization, over 360,000 commercial
flights have used SAF at 46 airports.

 There are 6 domestic SAF production facilities

Source: Alternative Fuels Data Center, Sustainable Aviation Fuel, n.d.
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https://www.icao.int/environmental-protection/pages/SAF.aspx

Marine Transportation

Next-generation marine fuels, including liquefied
natural gas, methanol, ethanol, and ammonia,
can be used in addition to conventional marine
fuels.

Maritime propulsion systems could use electrified

powertrains instead of mechanical ones.

* Electric-based powertrains can support long-term
vessel operability as technologies evolve over a
ship’s 30-year or longer service life.

*  Hybrid marine engines could reduce fuel
consumption by combining conventional engines
with electric propulsion.

Enhancing energy efficiency by optimizing designs
of vessel equipment, recovering waste heat, and
auxiliary machinery.

Through a pilot project with the North Carolina Department
of Transportation and Tidelands EMC, NREL is analyzing key
opportunities and challenges for electrifying ferries. Photo
by North Carolina Department of Transportation

Source: Department of Energy, Maritime Innovation, n.d.
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Freight Rail Transport

* Moving freight by rail is the most fuel-efficient
method to move freight over land and, by
freight ton-mile, can be up to four times more
efficient than truck transit.

 The ALTRIOS tool can support railway operators,
locomotive manufacturers, regulatory agencies,
and other organizations explore optimized and
cost-effective solutions for advanced and e oy T N
efficient rail technologies. B e fomNR

 The INFORMES tool supports advanced freight
teChnO|OgieS for rail, marine, and trUCking Source: National Laboratory of the Rockies, n.d.

National Laboratory of the Rockies | 23


https://www.nrel.gov/transportation/altrios
https://www.nlr.gov/transportation/informes

Public Transit




Public Transit

Public transportation options include:
o Ferries
o Rail
o Trolleys
° Buses.
Buses are well-suited for using alternative fuels.

High ridership can reduce vehicle miles traveled,
fuel used for private vehicles and congestion.

Tools that support transit planning

o RoutE Compass is an energy-aware routing tool
that incorporates energy consumption predictions
into network routing algorithms. Capabilities
include vehicle route optimization and selection,
time and energy trade-offs evaluation and more.

START
Energy

Savings e

Route Miles

6%  14min
85 12% 15min
94 0% 17 min

"\, DESTINATION

Image from NLR

Source: Alternative Fuels Data Center, Public Transportation, n.d.

National Laboratory of the Rockies | 25


https://www.nrel.gov/transportation/route-energy-prediction-model
https://www.nrel.gov/transportation/route-energy-prediction-model
https://www.nrel.gov/transportation/route-energy-prediction-model

Fuel Types




PtL

* Power-to-Liquids (PtL)
technology synthesizes hydrocarbons
from hydrogen and carbon
dioxide (Ringle, 2023).

* Compatible with existing aircraft,
vehicles, and infrastructure designed
for gasoline and diesel, which reduces
the need for major system

. . NLRmoIec.ularbiologist Michael Guarneri works with an electrolyzer and
modifications. ki

SR
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Renewable Diesel

* Renewable diesel is produced from fats and oils, such as waste greases and animal fats and
soybean oil, and is processed to be chemically equivalent to petroleum diesel.

* Renewable diesel can be used as a replacement for petroleum diesel or blended with
petroleum diesel.

* Renewable diesel offers many benefits, including:

o Engine and infrastructure compatibility—Renewable diesel meets the ASTM D975
specification, which allows it to be used in diesel engines and existing infrastructure.

o Greater flexibility—Renewable diesel is a replacement for diesel. It can be blended with
any amount of diesel or can fully replace diesel. Renewable diesel can be made from
multiple feedstocks, and can be made at plants that also produce aviation fuel.

Source: Alternative Fuels Data Center, Renewable Diesel, n.d.
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Biodiesel Fuel

Biodiesel is a biodegradable fuel made from animal fats, vegetable oils, or recycled cooking oil (ASTM
D6751) (NREL, 2024)

Biodiesel is manufactured domestically and is a substitute for petroleum diesel.

Biodiesel and conventional diesel vehicles are the same. Although light-, medium-, and heavy-duty diesel
vehicles are not alternative fuel vehicles, almost all can run on biodiesel blends.

o Before using biodiesel, check your engine original equipment manufacturer (OEM) recommendations to
determine the allowable blend for your vehicle

Biodiesel fueling stations are available across the United States.
o Some state laws require petroleum diesel to contain a small percentage of biodiesel.

Using biodiesel as a vehicle fuel improves public health and the environment, provides safety benefits, and
contributes to a resilient transportation system.

° Inits pure, unblended form biodiesel causes less damage than petroleum diesel if spilled or released to
the environment.

o |tis less combustible than petroleum diesel.

o Biodiesel can improve lubricity of diesel fuel, reduces friction within the moving parts and avoiding
additional wear. Source: Alternative Fuels Data Center, Biodiesel Fuel Basics, n.d.
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Considerations

* What are your transportation requirements? What duty cycles or
cargo/passenger capacity needs must be met?

 What are vehicle, fuel and infrastructure costs and what incentives are
available? Have you considered both up-front and longer-term costs/savings
opportunities?

* What infrastructure is needed to support fueling and/or charging?
* Where would fueling and/or charging stations be built?

* What education may be needed to support alternative-fuel based vehicles
and EVs and related infrastructure?
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Additional Resources

e Electric Vehicle Readiness

* Electric school buses

e Electric fleets

 Maintence and safety for electric vehicles

* At a Glance: Electric Vehicles

e Alternative Fuels Data Center
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Additional Technical
Resources




Global Trends — Rapidly

Growing Stock

2021 EV Stock

Passenger cars: 16.7 million (9% of global

sales)

Commercial vehicles: 180,000 (1% of
global sales)

Buses: 685,000 (44% of global sales)

Two- and three-wheelers: 275 million
(42% of global sales)
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Figure. Global electric passenger car stock, 2011-2021

Data: Bloomberg New Energy Finance (2022)

Source: Joshi and Gokhale-Welch, 2022
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Global Trends — Stock

Expected To Grow

800

2040 EV Stock Projections
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Passenger cars: 727 million (75% of global 600

sales)
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Figure. Global electric passenger car stock projection, 2022—-2040

Electric Passenger Car Stock (millions)
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million (83% of global sales) , :
Data: Bloomberg New Energy Finance (2022) Source: Joshi and Gokhale-Welch, 2022
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Global Trends — Battery

Cost Declining

1,220

89%

e Higher upfront cost of most EVs compared to internal
combustion engine (ICE) counterpart is due to cost of

946
744
684
606
battery.
393
302

e Battery pack prices have fallen 89% since 2010, T

despite recent supply chain issues. . . . B |

2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021
Figure. Decrease in cost of battery packs, 2010-2021

300 M Slow Advancement 0O BNEF 2016 Graph: Bloomberg New Energy Finance (2022)
1l Moderate Advancement O Moawad et al. 2016
M Rapid Advancement A DOE-VTO . . . .
% Itisipolaterd e Unsubsidized upfront price parity expected in

most vehicle segments and markets by the late
2020s.

200

Battery Cost ($/kWh)

100 e Already, the lifetime operational cost of owning EVs is
typically lower than the ICE counterpart due to reduced

fuel and maintenance expenses.
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Source: Joshi and Gokhale-Welch, 2022
Figure. Projected decrease in cost of batteries, 2020-2050

Graph:Jadun et al. (2017)
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Electric Drive Trains

#
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O
B

Hybrid Electric Vehicle

e |CE and electric motor J
e  Batteries are charged by .
engine (no external
charging).

m Gear box

Source: Joshi and Gokhale-Welch, 2022

Images: National Motorists Association Blog (2020)

o

ICE and electric motor

Plug-In Hybrid Electric Vehicle

Batteries are rechargeable.

a Combustion engine

n Fuel tank

Battery Electric Vehicle

s |1
-1}
|l

100% electric motor
Batteries are rechargeable.

Car/EV battery

o
=t

Electric motor

Fuel Cell Electric Vehicle

. 100% electric motor

. Fuel cell converts
hydrogen and oxygen
into electricity

e Requires hydrogen
distribution
infrastructure.
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Global Trends - Expansion of

Charging Infrastructure

e 40% increase in publicly available charging
stations between 2015 and 2021.

e 2021 global average: 10 EVs per charging point.

EVs per public connector BEVs per ultra-fast charger

50 400
40 300
30
200
20
10 100 /
0 0
2020 2025 2030 2035 2040 2020 2025 2030 2035 2040
=== China Europe = Rest of World

Figure. Projected EV charger trends by region, 2020-2040
Graphs: Bloomberg New Energy Finance (2022)
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Figure. Publicly accessible light-duty vehicle charging points by power rating and region, 2015-2021
Graphs: International Energy Agency (2022)

Bloomberg 2040 projections: 30—40 EVs per public
charger and 100-300 EVs per ultra-fast charger.

Source: Joshi and Gokhale-Welch, 2022
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