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1616 Capitol Avenue

Sacramento, CA 95814
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Agenda

Time Topic

1:00 - 1:05 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



Background
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DISCOVER  |  DEVELOP  |  DELIVER

SB671 Zero-Emission Refueling and Climate 

Vulnerability Results

Presenter: $ÒȢ+ÅÌÓÅÙ3ÔÏÄÄÁÒÄ: kelsey.s.stoddard@usace.army.mil
Presenter / POC: $ÒȢ)ÇÏÒ,ÉÎËÏÖȡigor.linkov@usace.army.mil
$ÒȢ!ÎÄÒÅ×3ÔÒÅÌÚÏÆÆ, (ÁÎÎÁÈ7ÁÌÔÅÒ,  3ÁÍ$ÅÎÔ

January 9, 2023
%2$#%,, %2$#)4,, #4#

This presentation does not necessarily reflect the views of the 

United States Government, and is only the view of the author
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About Army Engineer R&D Center

7 Laboratories
Coastal and Hydraulics Laboratory (CHL)

Cold Regions Research and Engineering Laboratory (CRREL)

Construction Engineering Research Laboratory (CERL)

Environmental Laboratory (EL)

Geospatial Research Laboratory (GRL

Geotechnical and Structures Laboratory (GSL)

Information Technology Laboratory (ITL)

Annual Research Program Exceeding 

$1.3 Billion

People
2100 Strong

61% E&S

71% of E&S with 

Advanced Degrees

29% of E&S with PhD

Core Competencies
ÅBlast and Weapons Effects on Structures and 

Geo-Materials

Å3-D Mapping and Characterization

ÅCold Regions Science and Engineering

ÅCivil and Military Engineering

ÅComputational Prototyping of Military Platforms

ÅCoastal, River, and Environmental Engineering

ÅMilitary Installations and Infrastructure

Partners
All DoD Services 

Army, Navy, Air Force, NASA, DHS, FEMA, DIA, NGA

Academia

68 EPAs with top engineering schools

Industry

172 CRADAs

International

14 international agreements with 7 countries

Risk and Decision

Science Team

Boston, MA
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After Galaitsi, Linkov et al, 2022

Crisis Management, Risk and Resilience

Risk~ Threat*Vulnerability*Consequence
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UNCLASSIFIED

UNCLASSIFIED

Supply Chain Resilience
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Field of Supply Chain Resilience is New
Web of Science Publications

2020



After 

2019



Assessment using Resilience Matrix

Use resilience metrics to comparatively assess the 

costs and benefits of different courses of action 

After Fox-Lent et al. (2015)



Network -based Resilience Theory?

{ȅǎǘŜƳΩǎ critical functionality(K)

Network topology: nodes(︣) and links( )︡

Network adaptive algorithms(ּר) ŘŜŦƛƴƛƴƎ Ƙƻǿ ƴƻŘŜǎΩ όƭƛƴƪǎΩύ ǇǊƻǇŜǊǘƛŜǎ 

and parameters change with time

A set of possible damagesstakeholders want the network to be resilient 
against ╔)

Ὑ Ὢ︣ȟ︡ȟּרȟ╔
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After Ganin et al., 2016



Poor Efficiency:

System cannot not accommodate a 
large volume of commuters driving 

at the same time.

Traffic congestions are predictable 
and are typically of moderate level.

Lack of Resilience:

System cannot recover from adverse 
events 

(car accidents, natural disasters)

Traffic disruptions are not predictable and 
of variable scale.



Transportation Network Model 
+ 

Regional Economic Models, Inc. 

Business 
Case

Science

Decision 
Analysis



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

Congestion

Delays

Random Network 
Disruptions

Delays



Resilience vs Efficiency at 5% disruption

Efficiency compared to mean, hours
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Lack of Resilience: Impact on GDP
Random Disruptions are Much More Consequential 



Vision for System Resilience
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Å Executive Order N-79-20

ςReach 100% zero-emission sales by 2035:

o  passenger vehicles, short-haul trucks, drayage trucks

ςBuses and heavy-duty long-haul trucks by 2045

Å Advanced Clean Trucks Rule

ςRequires manufacturers to produce a percent of 

zero-emission vehicles each year. 

ςRequires ports drayage trucks to be zero-emissions by 2024

Å Advance Clean Fleets Rule(set to pass in October)

ςRequires commercial fleets to have a percent 

of zero-emission

ςThe percent increases over time

I. Introduction: Optimizing the Location of Medium- & Heavy-

Duty Zero-Emission Infrastructure- Legislative Motivation  

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
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I. Introduction: Zero-Emission 

Refueling Stations

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

Å Solution:
Identify gas stations that could be converted to 
dispensing stations:

Å minimize freight displacement

Å scalable
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Optimization 

Freight 

Transportation Model

Data Management

Risk and Resilience 

Analytics

Ships Freight Consumers

Ports Transportation

ERDC
Analysis

California

Transportation

Commission

I. Introduction: Project Goal -
A System Level Approach Minimizing Freight Disruption 
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II. Methodology: 
Data Fusion and Optimization Using AI, Modeling and Resilience Analytics
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Replica - Modeled Trips
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II. Methodology: Replica and GPS Data:
Connecting Entry Points, Warehousing and Consumers

From: https://en-us.gps-viewer.com/

GPS - Real Truck Location Data
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Å Aggregate Flows

Å Medium vs Heavy Trucks 

Å Long Haul

Å CA External Goods:
Å Ports 
Å Airports
Å Land Points of Entry
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More freight traffic

Less freight traffic

II. Methodology: 

Replica Freight Volumes
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II. Methodology: 

Replica Freight Volumes
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More freight traffic

Less freight traffic

Å Aggregate Flows

Å Medium vs Heavy Trucks 

Å Long Haul

Å CA External Goods:
Å Ports 
Å Airports
Å Land Points of Entry
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II. Methodology: 

GPS Freight Volumes

Å Aggregate Flows

Å Medium vs Heavy Trucks 

Å Long Haul

Å CA External Goods:
Å Ports 
Å Airports
Å Land Points of Entry
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More freight traffic

Less freight traffic
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II. Methodology: 

Facility Location Problem

Å Assigns    Demandto    Facilitiessuch that an 
objective is minimized

Å Objective = Total Travel Time

Å Need:

Å Demand Locations

Å Facility Locations

Å Travel Time between Demand and Facilities
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II. Methodology: 

Facility Location Problem

Å Assigns    Demandto    Facilitiessuch that an 
objective is minimized

Å Objective = Total Travel Time

Å Need:

Å Demand Locations

Å Facility Locations

Å Travel Time between Demand and Facilities

{Ŝǘ ƻŦ άōŜǎǘέ о
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II. Methodology: 

Facility Location Problem

Å Assigns    Demandto    Facilitiessuch that an 
objective is minimized

Å Objective = Total Travel Time

Å Need:

Å Demand Locations

Å Facility Locations

Å Travel Time between Demand and Facilities

{Ŝǘ ƻŦ άōŜǎǘέ п
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III. Results: 

Demand

More fuel consumed

Less fuel consumed

More freight traffic

Less freight traffic
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III. Results: Refueling Site Candidates

Gas and Service Stations

Å Candidates: 
Candidates were census block which 
contained at least one currently 
existing gas or service station

Å Details:

Å Tracts were used rather than stations 
to allow for more flexibility in site 
location determinations 

Å Aggregating to tracts also simplified 
the optimization
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III. Results: Congestion Aware Distance

Fuel Demand and Candidate Locations

Closer to Tract

Farther from Tract

Å Distances: 
Mean travel time between tracts from 
Replica freight trips data

Å Details:

Å Trip data was used so that travel 
ŘƛǎǘŀƴŎŜǎ ǿŜǊŜ ΨŎƻƴƎŜǎǘƛƻƴ ŀǿŀǊŜΩ

Å If no trips existed between blocks, 
travel time was set to 1 day
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III. Optimization Results:

Candidate Locations

Å Identified: 
500 Candidate Census block which, together 
minimize freight diversion

Å Details:

Å 500 block were identified based on CTC input

Å Gas and Service stations within census blocks 
were also identified
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Want: Quantify the Scalability of Locations

Solution: Rank solutions by hubness

Hubness:
1. Re-Ǌŀƴ ŦƻǊ ǎŜǘǎ ƻŦ ōŜǎǘ όмΣ нΣ ΧΦΣ рллύ ǎǘŀǘƛƻƴǎ 
2. Count of how many sets contain any location

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

III. Results: Hubness

Quantifying Location Scalability 
{Ŝǘ ƻŦ άōŜǎǘέ м
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III. Results: Hubness

Quantifying Location Scalability 

Want: Quantify the Scalability of Locations

Solution: Rank solutions by hubness

Hubness:
1. Re-Ǌŀƴ ŦƻǊ ǎŜǘǎ ƻŦ ōŜǎǘ όмΣ нΣ ΧΦΣ рллύ ǎǘŀǘƛƻƴǎ 
2. Count of how many sets contain any location

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

{Ŝǘ ƻŦ άōŜǎǘέ н
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III. Results: Hubness

Quantifying Location Scalability 

Want: Quantify the Scalability of Locations

Solution: Rank solutions by hubness

Hubness:
1. Re-Ǌŀƴ ŦƻǊ ǎŜǘǎ ƻŦ ōŜǎǘ όмΣ нΣ ΧΦΣ рллύ ǎǘŀǘƛƻƴǎ 
2. Count of how many sets contain any location

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

{Ŝǘ ƻŦ άōŜǎǘέ о
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III. Results: Hubness

Quantifying Location Scalability 

Want: Quantify the Scalability of Locations

Solution: Rank solutions by hubness

Hubness:
1. Re-Ǌŀƴ ŦƻǊ ǎŜǘǎ ƻŦ ōŜǎǘ όмΣ нΣ ΧΦΣ рллύ ǎǘŀǘƛƻƴǎ 
2. Count of how many sets contain any location

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

All Selected with Hubness
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III. Results: Hubness

Quantifying Location Scalability 

Higher Hubness

Lower Hubness

Want: Quantify the Scalability of Locations

Solution: Rank solutions by hubness

Hubness:
1. Re-Ǌŀƴ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦƻǊ ǎŜǘǎ ƻŦ ōŜǎǘ όмΣ нΣ ΧΦΣ рллύ ǎǘŀǘƛƻƴǎ 
2. Count of how many solutions contain any candidate location

- High hubness = Scales well as more are added
- Probably in a good, central location
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IV. Potential Next Steps

Multi-Objective Equity Optimization

Å Examined Concerns: 
Define a set of equity concerns which can 
be weighed against each other

Å Solution:
Preform Multi-Objective Optimization:

Å Gets you a range of answers so decision 
makers can weight different options

CalEnviroScreen 4.0

Diesel Particulate Matter - Percentage

More Diesel Particulates

Less Diesel Particulates
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IV. Additional Results:  

Natural Disaster Overlays

ÅOverlayed vulnerability assessments:

ÅPrecipitation

ÅWildfire

ÅSea level rise

ÅStorm Surge

ÅCliff Retreat

ÅEarthquakes

Changing Level of Wildfire Concern | 

Caltrans Climate Change Vulnerability Assessment

42
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IV. Additional Results:  

Natural Disaster Overlays

ÅOverlaying freight volumes with 
climate change vulnerabilities:

ÅWild Fires - Early 2045

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

Volume of Long Haul 
Freight which is 

Internal to CA

Volume of Long Haul 
Freight which is 

Internal to CA

Overlayed with 
Caltran Fire 

Vulnerability

Changing Level of Wildfire Concern |  
Caltrans Climate Change Vulnerability Assessment

43

More freight traffic

Less freight traffic

More freight traffic

Less freight traffic
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ÅOverlaying freight volumes with 
climate change vulnerabilities:

ÅWild Fires - Early 2045

ÅResult: Near Stockton

ÅN/S fright corridors are close

ÅNear-term Fire risk

IV. Additional Results:  

Natural Disaster Overlays

44

Volume of Long Haul 
Freight which is 

Internal to CA

Volume of Long Haul 
Freight which is 

Internal to CA

Overlayed with 
Caltran Fire 

Vulnerability

More freight traffic

Less freight traffic

More freight traffic

Less freight traffic
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Volume of Freight 
Associated with  
Ports

Overlayed with SLR 
of 0.5 m (Near Term) 

Highlighted areas

ÅOverlaying freight volumes with 
climate change vulnerabilities:

ÅSea Level Rise in the Near Term 
(0.5 m)

ÅResult: San Francisco/Oakland

ÅVery high freight volumes from 
ports

ÅRisk of Near-term Sea Level Rise

IV. Additional Results:  

Natural Disaster Overlays
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Tools and Applications:

Summary

Zero Emission 

Refueling Station

Multi-Treat Natural 

Disaster Risk

Existing Hydrogen Stations
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Approach Summary

Benefits of Approach:

ÅSystem-level 

ÅLinks Supply Chain/Freight Needs with policies and risks

ÅState-wide approach

ÅData-Driven Approach:

- Can discover and include non-obvious real-world  

relationships resulting from unknown behavior

47
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Questions

48

Dr. Kelsey Stoddard -
kelsey.s.stoddard@usace.army.mil

mailto:kelsey.s.stoddard@usace.army.mil
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Break



Medium and Heavy -Duty Electric Vehicle 

Infrastructure - Load Operations and Deployment

(HEVI -LOAD)

Bin Wang, Ph.D. 

Wanshi Hong, Ph.D.

Research Scientist, wangbin@lbl.gov

Lawrence Berkeley National Laboratory



Outline

É HEVI-LOAD Overview

É Modeling Approaches and Assumptions

Ç Trip and Travel Demand Forecast

Ç Energy Consumption/Charging Demand Quantification

Ç Circuit Load and Capacity Analysis

Ç Drayage Electrification Case Study

Ç Smart/Managed Charging Design

É Discussion and Future Work

Ç Challenges

Ç Next steps



Electrifying Medium and Heavy -Duty Vehicles

É/!w.Ωǎ !ŘǾŀƴŎŜŘ /ƭŜŀƴ ¢ǊǳŎƪǎ ǊŜƎǳƭŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ǎƘŀǊŜ ƻŦ ǘǊǳŎƪǎ ǎƻƭŘ ƛƴ 

California to be zero emission starting in 2024, leading to a full transition to ZEVs by 2045.

52

É AB 2127 calls for the CEC to project charging 

infrastructure needed to decarbonize trucking 

and to reduce the impact of diesel air pollution.

É LBNL is developing HEVI-LOADin collaboration 

with the CEC, via applied research funds from the 

Clean Transportation Program.

É HEVI-LOAD will project infrastructure needs for 

decarbonizing medium and heavy-duty vehicles 

(GVWR > 10,000 lbs.).
https://ww2.arb.ca.gov/news/california-takes-bold-step-reduce-truck-pollution

https://ww3.arb.ca.gov/regact/2019/act2019/30dayattb.pdf
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Advanced Clean Trucks Regulation

Class 2b-3

Class 4-8

Class 7-8 Tractor

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

53

CARB State
SIP Strategy



HEVI -LOAD | Metrics
Charging infrastructure need and load profiles for MHDVs

54

Region

Charging infrastructure

Number of chargers/ plugsType of accessibility Charger type

Charging infrastructure 
requirements for each 
county.

Aggregate estimates by:

(1) City
(2) Town
(3) Rural area
(4) Interstate/state 

highway

(1) Public (Shared)
(2) Private 

(Dedicated)
(3) Public/ Private 

(Shared /  
Dedicated)

Examples include:

(1) 50 kW (DCFC)
(2) 125 kW 
(3) 250 kW
(4) 350 kW
(5) 1 - 4 MW

Charging stations servicing 
Class 8 heavy-duty trucks 
should be listed in a separate 
manner from άnormalέ 
charging stations (serving 
LDVs & MHDVs).

For each type of chargers 
used for each type of use 
application, 
estimates shall be given as 

(1) # of plugs

[Alternative metrics could also 
be given]

(2) # of stations
(3) # of plugs per station
(4) # of plugs per 1,000 PEVs



Activity Simulation of selected MDHD vehicle applications: integrated driving-

routing-parking-charging scenarios in CA. Red dots: moving MD/HD vehicles being 

simulated; Blue dots: hwyentry points for the candidate infrastructure deployment 

locations, such as truck stops, etc.

Site-Level Analysis via Bottom -up Simulations

É Bottom-up vs Top-down approaches

Ç Bottom-Up approach has more granular geographical resolution, taking into 
account road networks, critical locations and travel demand model, while 
the Top-Down approach takes the aggregated vehicle adoption info to 
project infrastructure needs and load profiles at county-level

Ç Bottom-Up approach has the capability to reveal granular vehicle behaviors 
ςdriving, routing, parking and charging, etc. 

É Prepare for inputs for the simulation

Ç Road network

Ç Travel demand ςMD/HD trips with origins, destinations, and trip start times

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

Ç Calibrate behaviors using real-world GPS & duty-cycle data

É Enable decision-making, routing and decision-making 

capability for each agent (vehicle)

Ç Compute shortest distance/travel time routes

Ç Provide flexibility for more customization for future scenarios, e.g., select 
optimal en-route charging stations

California statewide truck parking study: https://dot.ca.gov/-/media/dot-media/programs/transportation-
planning/documents/freight-planning/plan-accordion/catrkpkgstdy-finalreport-a11y.pdf



Trip and Travel Demand Forecast

É Extract MD/HD trips from CSTDM/CSFFM

Ç ~ 1.3 million trips (LT, MT, HT)

Ç Time periods: AM, Mid-day, PM and OFF

É Calibrate the travel demand models as inputs to HEVI-LOAD Simulation

Ç Characterize trip behaviors with real-world GPS location datasets

Ç Combined with uniform and other distributions for trip start time, etc.

GPS location data (UCR & WVU) to inform the travel demand model, left: statistical distribution of trip start time (purple) and end time (green) for multiple applications, right: 
statistical distribution of trip duration (purple) and trip interval duration (green)

LT, MT, HT, Load/Unload trip percentage in the CSTDM/CSFFM model 



Hour = 16

Quantify Charging Demand and Load Profile over Candidate Locations 

Å Radius of red circles 
is proportional to the 
charging demand at 
each site (truck stops 
and rest area, etc. )

Å Aim to assist 
planning agencies to 
prioritize 
infrastructure 
deployment locations

Å Can assist to identify 
freight corridors and 
critical locations

É Simulate the entire driving-routing-parking-charging 

behavior chain within HEVI-LOAD 

É Compute routes for each trip using the routingkit1

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

chargers)

É Develop algorithms to select the enroute charger(s) 

with the shortest distance/travel time

É Compute the energy consumption over each road 

segment and estimate the energy needed to reach 

next destination

1 - Routingkit:https://github.com/RoutingKit/RoutingKit

Example energy consumption and charging selection strategy
Depot charger

Depot charger

public charger


