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Freight Facts

Minority of the traffic flow in the mobility system, but significant contributor to energy consumption
and emissions

US Freight Trend (2000 — 2023) US Freight Energy Consumption (2019)

=)
o
—
n
A [ 3]
% 140 Passenger
5 Car s
>
(1]
= Commercial
S 120
&
a
= Other modes &
3 | 32.3%
£ 100 Truck s
. S _ o R (23.5%) i' "
2003 2008 2013 2018 2023
B cop M Freight TSI
Note: Shaded area= economic recessions Source: Transportation Energy Data Book: Edition 40
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Multi-Modal Freight System

Other & Unknown | * Trucking accounts for the largest share of freight movement
muttiple Modes & Mail [ [N * Rail is ~40% as large as trucking
air | * 57% of all freight ton-miles are shipped more than 500
miles
Water - o . g
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Source: Freight Analysis Framework uses diverse modes
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E-Commerce:

Why is everyone talking about it?

Annual Change in Retail Sales * Since 2000, e-commerce has grown an average of 16.5% per year
50% compared to 3.9% for retail sales overall
40% /\ * E-commerce average annual growth rate since 2019 is ~23%

* E-commerce is ~“15% of retail sales by value — up from 11% in 2019

N * Non-store retailers (no brick and mortar channel) account for 58%
/ 10% | of e-commerce retail sales by value — down from 87% in 2017
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E-commerce has fundamentally changed freight logistics - What does continued growth mean
for freight mobility, energy demand, emissions, and future technology solutions? NREL | 5



https://www.census.gov/retail/index.html#ecommerce

firms . . « behavior + energy + trafic -« pollution

Increase in online-shopping Digitalization

Automation

Just-in-time supply chain

Instant delivery Connectivity

Crowdsourcing Alternative powertrains and fuels

Omnichannel logistics New delivery modes
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Freight Research: a Systems Perspective

Technology R&D

Powertrain
Vehicle Size and Vehicle
Technology

Payload
Origin / Capacity

Destination

Network
Connectivity

Commodity Freight Vehicle Fuel Physical o

demand by Efficiency Logistics Infrastructure Structural C%nsgmption,
2. " missions,
mod.e (Btu/ton- Efficiency SYSFem Ceine i Time, Cost,
(ton-miles) mile) Efficiency Equity
Capacity and
Congestion

Mode Choice

Vehicle Load
Factor

Empty Miles Routing

Efficient Mobility Systems /
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Simulation and Analysis for Regional Freight Mobility

Freight Activity MODbility Simulator (FAMOS)

* Agent-level modeling of the multi
layer of freight activities and their
interactions and infrastructure impact

* Focus on simulating road-freight
vehicle movements in a region while
generating mode-specific business-to-
business flows across the nation

* Integration with a passenger model,
enabling comprehensive regional
mobility system analyses

 Scenario analysis capability (e.g.
vehicle electrification, charging
sighting, demand growth, last-mile
delivery innovations, etc.)

SynthFirm
Synthesis of firm & vehicle fleet
Supply-chain logistics
Shipment size & mode choice

FRISM

Online-shopping demand
Daily shipments
Fleet operation plan

BEAM-Freight
Vehicle routing
Traffic assignment
Infrastructure use

3

@ B2B demand
@ B2C demand
@ Fleet
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Quantification of Freight Mobility Efficacy

Freight Mobility Energy Productivity (F-MEP)

* Quantify freight productivity of current as well as future freight systems, accounting for various
expenditure associated with freight transport

* Enables between-city and within-city freight system analysis

e

F-MEP score for i Freight Mobility Benefits* Impedance of time+ money + energy Modes

for a given location i Opportunities
Destinations
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é Comprehensive attractiveness to freight transport for delivery purpose to
various location types



Scope and prioritize Identify levers | Develop analytical approach Define Identify and prioritize
technologies of impact and appropriate toolset scenarios metrics

Technologies

Impact of emerging technologies on operational

efficiency

Freight Operational Efficiency Metrics (FOEM)

Develop an analytical tool that allows for quick exploration of the operational efficiency space

* Apply the tool to estimate baseline performance metrics and the impact of emerging technologies

on these metrics

Enable providing segment-level analysis with national scope

Analysis Framework
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The FOEM provides a framework to aggregate the impact of frelght efficiency technologies at the segment and system levels.
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Techno-economic Analysis of
Commercial Vehicles

Input Output Results
Assumptions -

e Technology e Total cost of

1 * Fuel Economy * Market shares * Fleet turnover
progress ownership

* Projected
e Acceleration based on and use

; energy / fuel
* Fuel prices ‘r * Range CCONOmICS demand
e Incentives Ay o) | ¢ MSRP * GHG
ini C
e Operational Nimum T Emissions
parameters

MDHD ADOPT:

Input

Output Results
Assumptions

e Annual Sales

e Technology e Fuel Economy

¢ Market shares
progress bMyol\(;ISIke- e Acceleration e Fleet turnover and use
e Fuel prices * Range * Projected energy / fuel
e Incentives e MSRP demand
e Operational

e GHG Emissions

parameters
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ALTRIOS - Advanced Locomotive Technology

and Rail Infrastructure Optimization System

Open-source software tool to evaluate strategies for deploying advanced locomotive
technologies and associated infrastructure for cost-effective decarbonization.

: o : Energy conversion and . . Freight demand-driven
Train dynamics simulation storage technology Meet-pass planning scheduling

Geo-spatially and temporally Levelized cost of freight ton-km o I
resolved energy demand by type (LCOTK) Life-cycle emissions

Guidance on risk/reward tradeoffs of technology
rollout strategies

Pareto optimal geospatial-temporal deployment
strategies

Fuel, SOC, and Speed for 1 of 100 conventional locomotive trips
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FleetREDI — Fleet Research,

Energy Data, and Insights

Market and other

GOAL % high-level data
Provide research community with ‘
updated, integrated, and comprehensive
commercial vehicle data and intelligence m Onerational dat
for strategic planning, R&D portfolio FleetREDI = peraione e
development, and current and future Data ar)d Qo
R&D projects. Analysis l

St

Supplemental /
geographic data

Access to data and
data products

Fleet DNA

@ 0-1000 @ 1,000-3000 @ 3,000-6,000 @ >6,000
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Breakout Discussion

Urban Last Mile Delivery

Issues
Challenges Rural Last Mile Delivery

Opportunities

Research
Direction

Regional/long-haul Shipping

e Existing and expected issues

* Challenges and opportunities to freight system efficiency and decarbonization
* How to resolve the issues

e Equity in the freight mobility

Modeling
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