SB 671 In-Person Meeting: I
Freight Data Workshop

Thursday, February 6, 2023 East End Complex Auditorium
1:00 pm 1T 4:00 pm 1616 Capitol Avenue
In-Person Only Sacramento, CA 95814
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Agenda

Time
1:00 - 1:05

Topic

Welcome

1:05-1:10

Background

1:10 - 1:55

ERDC Presentation & Q+A

1:55 - 2:10

Break and Networking

2:10 - 2:55

LBNL Presentation & Q+A

2:55-3:10

Break and Networking

3:10 - 3:20

Clean Freight Corridor Efficiency Assessment

3:20 - 4:00

Open Discussion & Closing
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About Army Engineer R&D Center

Cold Regions Research and

Fleld Office:

Fairbanks, Alasks Engineering Laboratory (CRRE

Hanover, New Hampshire
’

7 Laboratories

Coastal and Hydraulics Laboratory (CHL)
Cold Regions Research and Engineering Laboratory (CRREL)
Construction Engineering Research Laboratory (CERL)

R'?’k and Decision Environmental Laboratory (EL)
lence Team

oston, MA

™ VAW

Geospatial Research Laboratory (GRL
Geotechnical and Structures Laboratory (GSL)
Information Technology Laboratory (ITL)

Annual Research Program Exceeding
$1.3 Billion

Information Technology Laboratory (ITL)
Vicksburg, Mississippi

Parthers
All DoD Services

Core Competencies

Blast and Weapons Effects on Structures and
Geo-Materials

People
2100 Strong

Academia

61% E&S
71% of E&S with
Advanced Degrees
29% of E&S with PhD

3-D Mapping and Characterization

Cold Regions Science and Engineering

Civil and Military Engineering

Computational Prototyping of Military Platforms
Coastal, River, and Environmental Engineering
Military Installations and Infrastructure

Industry

International




Supply chain woes caused US
auto sales to fall 8% last year Gartner Predicts 95% of Companies Will

AP | hii0s o Have Failed to Enable E2E Resiliency in
their Supply Chains by 2026.

02/01/2023 | 04:30am EST o @ o o
2y

5/
GULF | MENA | WORLD B{INIVIANE OPINION | CLIMATE | HEALTH | LIFESTYLE | ARTS & CULTURE | TRAVEL | SPORT | PODCASTS | WEEKEND
n | Economy | Energy | Money | Cryptocurrencies | Property | Banking | Technology | Markets | Travel and Tourism | Start-Ups | Future | Comment

N oA 7} Rebuild supply chains with greater resilience and
4 | A open trade, Davos panellists say

A Resilient Supply Chain  How leveraging connected experiences in
Starts With Full Visibility . . - .
logistics can build resilient supply chains

@ Dan Shey Forbes Councils Member Advances in cloud data storage, artificial intelligence and cellular networks are

Forbes Technology Council . o . . L
COUNCIL POST | Membership (Fee-Based) all collectively driving a more connected experience in transport and logistics

ocTOBER 1, 2022 v ]injola
OCTOBER 1, 2022 ¢ o
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System Thinking

What Makes Complex
Systems
(Communities)
Susceptible to Threat?

System | . |
Suprasystem | ‘Resilience |

Disruption
Sub-system)* "/,

— Minimize

System Performance

After Linkov and Trump, 2019



Crisis Management, Risk and Resilience

Critical
Function
Performance

Risk~ Threat*Vulnerability*Consequence

Robustness
Inflection
point 1.

Resilience

Inflection

point 2. Extended
Resilience, Degradation
Extended

Degradation Failure

or Failure

Likelihood of
disruption
cascading to

other critical
functions

Time

After Galaitsi, Linkov et al, 2022
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Supply Chain Resilience

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
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Field of Supply Chain Resilience is New

Web of Science Publications
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The case for value chain resilience

2020  lgor Linkov, Savina Carluccio, Oliver Pritchard, Aine Ni Bhreasail,
Management Research Review Stephanie Galaitsi, Joseph Sarkis and Jeffrey M. Keisler

© Emerald Publishing Limited

2040-8269
DOI 10.1108/MRR-08-2019-0353



Elmlividuul Metrics

Indices

— Dashboards

—e Decision Analytics

y

Process

Statistical/ Baysian —

Networks

Game- Theoretical
Simulations/ Agent Based

Fok, Syt aod Devnone

Alexandes Xolt
igor Linkov  Editors

Cyber Resilience
of Systems and
Networks

After
2019



Assessment using Resilience Matrix

Adverse E\ il

Time v i &
IR N N N
Priovious Cycle ‘; Plan/Prepae > Absorb > Recowi > Adapt
"""""" Lo 1/ 74 17
Physical /
S
Alt. 1 c
g
W
Information &

Cognitive V

Alt.2

Social V

Alt.3

Cost

Selection of Alternatives m Comparative Assessment

Threshold

Baseline Alt. 1 Alt. 2 +

Environ Syst Decis (2015) 35:209-218
DOL 101007 510669-015-9555-4

Use resilience metrics to comparatively assess the
costs and benefits of different courses of action

" A matrix approach to community resilience assessment:
- an illustrative case at Rockaway Peninsula

Cate Fox-Lent' - Matthew E. Bates' - Igor Linkov'




Network -based Resilience Theory?

Q )\y‘:égo NE LJE NFA S

After Ganin et al., 2016
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Poor Efficiency:

System cannot not accommodate BEE=="o

large volume of commuters drivinge= S Sy
at the same time. i P

Traffic congestions are predictable /

and are typically of moderate leve F e

Lack of Resilience:

System cannot recover from adverse
events
(car accidents, natural disasters)

g Traffic disruptions are not predictable and
' of variable scale.



Science

+

Transportation Network Model

Regional Economic Models, Inc.

implications

Contents lists available at ScienceDirect X TMEE{L?FG?TN
Transportation Research Part D 3
journal homepage: www.elsevier.com/locate/trd —
Lack of resilience in transportation networks: Economic ) |
Check for
updates

SCIENCE ADVANCES | RESEARCH ARTICLE

NETWORK SCIENCE

Resilience and efficiency in transportation networks

Alexander A. Ganin,'? Maksim Kitsak,® Dayton Marchese,? Jeffrey M. Keisler,*

Thomas Seager,® Igor Linkov**




Repurpose to Study Economic Implications of Resilience
(or lack thereof)

TranSight

Construction
Data ngratic}n
Finance

ProjectSpecific

Economijc Results

F"p Engine

REMI Policy

%/a riables

Transportation Cos
Matrix

Transpﬂrmt?}tg;? Fuel Demand

Emissions
K

_ Safety
’ 'l | Operating Costs

l Value of Time
‘ Random Network ' !

Congestion

Disruptions

Model structure of TranSight
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Resilience vs Efficiency at 5% disruption

Resilience compared to mean, hours
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Lack of Reslilience: Impact on GDP
Random Disruptions are Much More Consequential
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Vision for System Resilience

Real World Model Operations

”’””9

Information o
Q1ta Storage/SearchRotrioyy S

Management
Alternatives

The case for value chain resilience .
Igor Linkov, Savina Carluccio, Oliver Pritchard, Aine Ni Bhreasail, L Emerald PubBshing Limited

Stephanie Galaitsi, Joseph Sarkis and Jeffrey M. Keisler _ 204022689
o . - T e - [H 101 10EMRRAS- A 94053



| Igoe Linkoy

Bengamen {1, Trumg

The Science

and Practice
of Resilience

&) Springes

NATO Science foe Peace and Secunity Series - C:
Envirommental Security

Resilience and Risk

Methods and Application in Environment,
Cyber and Social Domalns

Edited by
Igot Linkov
José Manwe! Palma-Oliveira

2 Springer

NATO =~ - -
| A This publication ! lhc NATO Science for Peace
; OTAN | s pparand by | and Security Programme

Igor Linkov
Benjamin D. Trump
Jesse M Neeman o

COVID-19:

Systemic
Risk and
Resilience

L Springer
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l. Introduction: Optimizing the Location of Medium- & Heavy-
Duty Zero-Emission Infrastructure- Legislative Motivation

A A (set to pass in October)
¢ Reach 100% zeremission sales by 2035: ¢ Requires commercial fleets to have a percent
0 passenger vehicles, shanaul trucks, drayage trucks of zeraemission

¢ Buses and heawvguty long-haul trucks by 2045 ¢ The percent increases over time

A

¢ Requires manufacturers to produce a percent of
zero-emission vehicles each year.
¢ Requires ports drayage trucks to be zeemissions by 2024

5 bea gl

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets

UNCLASSIFIED

|. Introduction: Zero-Emission
Refueling Stations

A Challenge:
Minimize the diversion of freight routes caused
by fuel conversion

Solution: _
ldentify gas stations that could be converted to
dispensing stations:

A minimize freight displacement

A scalable

ERVI HDNT'- ENT."\L
LABORATO)

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED
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l. Introduction: Project Goal -
A System Level Approach Minimizing Freight Disruption

California
) Transportation
~ Commission

N MEXICO
e

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED

Freight Consumers
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ll. Methodology:
Data Fusion and Optimization Using Al, Modeling and Resilience Analytics

Algorithms Freight Volumes,
And Analytics Prioritized

Location

? EI E\".-'IHDNNEN Tl

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED
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Il. Methodology: Replica and GPS Data:
Connecting Entry Points, Warehousing and Consumers

Replica - Modeled Trips GPS - Real Truck Location Data

l = Study California

Filters & Cal-Nev, Fall 2019, Thu ~ | gy Primary Mode: 1 ~ °

Number nf Rreaks
ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED




NG
N

{_—

éCarson City Nevada

More freight traffic

Less freight traffic
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Il. Methodology:
Facility Location Problem

A Assigns’ Demandto Facilitiessuch that an
objective is minimized

Chino Hills

A Objective =Total Travel Time

A Need:
A Demand Locations
A Facility Locations

A Travel Time between Demand and Facilities et

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED
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Il. Methodology:
Facility Location Problem

A Assigns’ Demandto Facilitiessuch that an
objective is minimized

Chino Hills

A Objective =Total Travel Time

A Need:
A Demand Locations
A Facility Locations
A Travel Time between Demand and Facilities
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Il. Methodology:
Facility Location Problem

A Assigns’ Demandto Facilitiessuch that an
objective is minimized

Chino Hills

A Objective =Total Travel Time

A Need:
A Demand Locations
A Facility Locations i N W

. gyt \ ( ¢ o rden Orange
A Travel Time between Demand and Facilities r .
palos: Santa Ana

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED




NEVEGE] Carson City MNevada

More freight traffic .- i More fuel consumed

Less freight traffic p Less fuel consumed
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lll. Results: Hubness
Quantifying Location Scalability

Want: Quantify the Scalability of Locations
Solution: Rank solutions by hubness

Hubness: . .
1.ReN} Yy F2NJ aSia 2F o6Sad
2. Count of how many sets contain any location

- High hubness = Scales well as more are added
- Probably in a good, central location

ENVIRDMMEMTAL
LABORATORY
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lll. Results: Hubness
Quantifying Location Scalability

Want: Quantify the Scalability of Locations

Santa
Monica

Solution: Rank solutions by hubness

Hubness: o o
1.ReN> v F2NJ aSua 2F o0Sad
2. Count of how many sets contain any location

OM2Z

- High hubness = Scales well as more are added
- Probably in a good, central location

ENVIRDMMEMTAL
LABORATORY
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lll. Results: Hubness
Quantifying Location Scalability

Want: Quantify the Scalability of Locations

Santa
Monica

Solution: Rank solutions by hubness

Hubness: o o
1.ReN> v F2NJ aSua 2F o0Sad
2. Count of how many sets contain any location

OM2Z

- High hubness = Scales well as more are added
- Probably in a good, central location

ENVIRDMMEMTAL
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lIl. Results: Hubness
Quantifying Location Scalability

All Selected with Hubnes
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V. Additional Results:
Natural Disaster Overlays

A Overlayed vulnerability assessments: A T o) oG Levet o oncmen

oo - § 2 . - [ veryHiGH
A Precipitation SR YA —po
. . g : ¢ : - MEDIUM
A Wlldflre ' : Y00 ‘ EXPOSED ROADWAY
A Sea level rise ‘ Z % '
A Storm Surge
A Cliff Retreat

A Earthquakes

RCP 8.5, MULTI-MODEL MAXIMUM RCP 8.5, MULTI-MODEL MAXIMUM

? EL —— Changing Level of Wildfire Concern |
- Caltrans Climate Change Vulnerability Assessme

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED
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V. Additional Results:
Natural Disaster Overlays

A Overlaying freight volumes with
climate change vulnerabilities:

A Wild Fires Early 2045

A ResultWhile routes taken by
long haul exiting/entering the
state have a lot of fire
vulnerability, the internal routes
do not

ENVIRDMMEMTAL
LABORATORY
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US Army Corps of Engineers f Engineer Research and Development Center
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V. Additional Results:

Natural Disaster Overlays

A Overlaying freight volumes with
climate change vulnerabilities:

A Wild Fires Early 2045

A Result:Near Stockton
A N/S fright corridors are close
A Nearterm Fire risk

ENVIRDMMEMTAL
LABORATORY
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US Army Corps of Engineers f Engineer Research and Development Center
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Tools and Applications:
Summary

Multi-Treat Natural Zero Emission
Disaster Risk Refueling Station

Los Angeles
¢ East Los

Levels of Concern
g Angeles

] VERYHIGH
I HicH
Il Meoium

EXPOSED ROADWAY

(TN
* Lonlg Beach

- RCP 8.5, MULTI-MODEL MAXIMUM . - 7
RCP 8.5, MULTI-MODEL MAXIMUM Exi stin g Hyd rog en Statlo ns

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
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Approach Summary

Benefits of Approach:
A Systemlevel
A Links Supply Chain/Freight Needs with policies and risks
A Statewide approach

A DataDriven Approach:
- Can discover and include nafvious reaworld
relationships resulting from unknown behavior

ENVIRDMMEMTAL
LABORATORY

US Army Corps of Engineers f Engineer Research and Development Center
UNCLASSIFIED




Californi
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kelsey.s.stoddard@usace.army.mil
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ENERGY TECHNOLOGIES AREA

LAWRENCE BERKELEY NATIONAL LABORATORY
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Medium and Heavy -Duty Electric Vehicle
Infrastructure - Load Operations and Deployment

(HEVI -LOAD)

S\
ENERGY TECHNOLOGIES AREA




Outline

E HEVILOAD Overview

E Modeling Approaches and Assumptions

¢ Trip and Travel Demand Forecast

¢ Energy Consumption/Charging Demand Quantification
¢ Circuit Load and Capacity Analysis

¢ Drayage Electrification Case Study

¢ Smart/Managed Charging Design

E Discussion and Future Work

¢ Challenges

¢ Next steps

=
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BERKELEY LAB ENERGY TECHNOLOGIES AREA



Electrifying Medium and Heavy -Duty Vehicles

E/1w. Qa ! ROIYOSR /fSIy ¢NHzO1T & NB3Idz | (A 2
California to be zero emission starting in 2024, Ieading to a full transition to ZEVs by 2

E AB 2127 calls for the CEC to project charging © 5738 Advanced Clean Trucks Regulatign
| I

Infrastructure needed to decarbonize trucklng 5 G0 | ®Class 203

0
and to reduce the impact of diesel air pollutions u Class 4-8
. : i _ GE) 20 Class 7-8 Tractar
E LBNL is developing HEMDADN collaboration = 40 I

with the CEC, via applied research funds fromg;_tﬁ’@

Clean Transportation Program. g 20

9@‘

, L 5 10 1l '
E HEVALOAD will project infrastructure needs for= 0
N VR ,9

.. . . ™ Q e}
decarbonizing medium and headyty vehicles N & ¢ ¢ ¢ ¥ & &8

(GVWR > 10,000 |bS) Model Year

https://ww2.arb.ca.gov/news/californigakesbold-step-reducetruck-pollution
https://ww3.arb.ca.gov/regact/2019/act2019/30dayattb.po

ENERGY TECHNOLOGIES AREA


https://ww2.arb.ca.gov/news/california-takes-bold-step-reduce-truck-pollution
https://ww3.arb.ca.gov/regact/2019/act2019/30dayattb.pdf

HEVI-LOAD Overview

Disaggregation
] approach — :
oo || reeate o
MHDV forecasts | various vehicle " zﬁqﬁ;;?;':gn\gﬂ . powertrain parameters
(EMFAC) applications P (CALSTART)
CARB Truck
Regional Forecast adoption — Refrigeration
o ization |—»| rates for various . CARB State Vehicle Specification Module Unit (TRUs) T ———
policy/scenarios vehicle applications SIP Strategy (powertrain parameters, e.g. perational patterns
battery size, power ratings, and duty-cycle impact
energy efficiencies, etc.) from real-world datasets
(UCR, WVU, CA-VIUS)
Infrastructure planning Disaggregate
GTFS datasets Charging tech demand to Freight Travel Demand
- - individual trips ode
arging tec dividual trip Model (CALTRANS)
| Transit Operation configurations
NTD Transit Data Module
Electricity market l Agent-based Activity Simulation
Parallel large-scale I :
; ) ) input data .
transportation-grid i i Trip-level SOC,
co-0 ? izati : | Determlne reglqnal Charging activities + Refueling process models
ptimizauon charging/refueling “ _ : : - )
(LBNL/NERSC) infrastructure need Driver behavior, + Integrated driving-parking-
7 Fleet operation ) Regional load profiles charging behavioral models
preferences ) . Infr:sltruc;gre oper]ation .
Assess optimal ] ] : models w/ internal queuing
depl p £ Freight/fleet Operation Truck parking study and refueling behaviors
Mel_I;)D(:,ymhent? Module Power SyStem < * Renewable energy integration
: charging constraints ' CEC EDGE Model
infrastructure

~

- _r\
rrererecor |I"|

ENERGY TECHNOLOGIES AREA
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HEVI-LOAD | Metrics

Charging infrastructure need and load profiles for MHDVs
Charging infrastructure

Region Type of accessibility Charger type Number of chargers/ plugs

Charging infrastructure (1) Public (Shared) Examplesinclude: For each type of chargers
requirements for each (2) Private used for each type of use
county. (Dedicated) (1) 50 kW (DCFO application,
(3) Public/ Private (2) 125 kW estimates shall be given as
Aggregate estimates by: (Shared / (3) 250 kW
Dedicated) (4) 350 kW (1) # of plugs
(1) Qty (5)1-4MW
(2) Town [Alternative metrics could also
(3) Rural area Charging stations servicing be given]
(4) Interstate/ state dass 8 heavy-duty trucks
highway should be listed in aseparate  (2) # of stations

manner from cnormalé (3) # of plugs per station

charging stations (serving (4) # of plugs per 1,000 PEVs

LDVs & MHD\Vs).
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Site-Level Analysis via Bottom -up Simulations
E Bottom-up vs Topdown approaches timestap 0 min ...

¢ Bottom-Up approach has more granular geographical resolution, taking i
account road networks, critical locations and travel demand model, whilfiki®
the TopDown approach takes the aggregated vehicle adoption infoto |
project infrastructure needs and load profiles at coutgyel

¢ Bottom-Up approach has the capability to reveal granular vehicle beha
¢ driving, routing, parking and charging, etc.
E Prepare for inputs for the simulation

¢ Road network
¢ Travel demand, MD/HD trips with origins, destinations, and trip start tim

¢ Critical/candidate locations: truck stops, rest areas, etc., using the Calif
Statewide Truck Parking Study

¢ Calibrate behaviors using reabrld GPS & dutgycle data
E Enable decisiomaking, routing and decisiemaking
capability for each agent (vehicle)

¢ Compute shortest distance/travel time routes
¢ Provide flexibility for more customization for future scenarios, e.g., sele(

optimal en-route charging stations Activity Simulation of selected MDHD vehicle applications: integrated driving
routing-parkingcharging scenarios in CA. Red dots: moving MD/HD vehicles being
California statewide truck parking study: https://dot.ca.ggmedia/dot-media/programs/transportation simulated; Blue dotshwyentry points for the candidate infrastructure deployment
planning/documents/freighiplanning/planaccordion/catrkpkgstdyinalreport-ally.pdf locations, such as truck stops, etc.

~
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unloaded

Trip and Travel Demand Forecast |
E Extract MD/HD trips from CSTDM/CSFFM

¢~ 1.3 million trips (LT, MT, HT) tip ype acing stumtion
¢ Time periods: AM, Midlay, PM and OFF . of
E Calibrate the travel demand models as inputs to HEYAD Simulation h ""’.
t
¢ Characterize trip behaviors with reabrld GPS location datasets "~ .~ o
¢ Combined with uniform and other distributions for trip start time, etc. it ype e startiime
LT, MT, HT, Load/Unload trip percentage in the CSTDM/CSFFM model
E Start time Bl Duration/sccond
W End time g 8 rip interval/second
Beverage distribution ~—— —— Beverage distribution
Construction Construction
Delivery Truck ——————me———CR———-... Delivery Truck — A
Freeway work —‘A Freeway work ——
Goods Movement Truck  ————————— e — Goods Movement Truck M
Line haul - out of state —A Line haul - out of state L’“
Municipal work ﬁ Municipal work o~ .
Refuse Refuse e
Refuse Hauler el —— Refuse Hauler e
School Bus A— School Bus S
Transit Bus ———— e — Transit Bus ————=-=m—
0 - 8 12 16 20 24 0 3 6 9 12 15

Time Hours
GPS location data (UCR & WVU) to inform the travel demand model, left: statistical distribution of trip start time (jmurple) aime (green) for multiple applications, right:

statistical distribution of trip duration (purple) and trip interval duration (green)

-~

- A,
rrereecr ‘I"|

BERKELEY LAB ENERGY TECHNOLOGIES AREA



Quantify Charging Demand and Load Profile over Candidate Locations

mh

mh

Depot charger

Simulate the entire drivingouting-parkingcharging

behavior chain within HEAYJOAD

Compute routes for each trip using the routingkit

5.2 1

5.0

Solve the charging plans for each trip (depot vs. public

chargers)

Develop algorithms to select the enroute charger(s)

with the shortest distance/travel time

Compute the energy consumption over each road
segment and estimate the energy needed to reach
next destination

Example energy consumption and charging selection strategyperet charger

1 - Routingkit:https//github.com/RoutingKit/RoutingKit
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Radius of red circles
Is proportional to the
charging demand at
each site (truck stops
and rest area, etc. )

Aim to assist
planning agencies to
prioritize
infrastructure
deployment locations

Can assist to identify
freight corridors and
critical locations
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