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ABSTRACT OF THE DISSERTATION

Electrification, Connectivity, & Active Demand Management:
Addressing the traffic, health, and environmental justice impacts of drayage trucks in
Southern California

by
Monica Ramirez Ibarra
Doctor of Philosophy in Civil and Environmental Engineering
University of California, Irvine, 2022

Professor Jean Daniel Saphores, Chair

Trucking electrification combined with connected and automated technologies promises to
cut the cost of freight transportation, reduce its environmental footprint, and make roads
safer. If electric trucks are powerful enough to cease behaving as moving bottlenecks, they
could also increase road capacity and reduce the demand for new infrastructure, a
consequence that has so far been overlooked by the literature. In this dissertation, I study
the traffic and infrastructure demand impacts of electrifying and connecting (via
cooperative adaptive cruise control, CACC) heavy-duty drayage trucks (HDDTSs) that serve
the San Pedro Bay Ports (SPBP; the ports of Los Angeles and Long Beach, which is the
largest port complex in the U.S), quantify the resulting health, environmental, and
Environmental Justice impacts, and explore how to maximize the benefits of connected
vehicles with active demand management.

In Chapter 2, I explore the potential traffic and infrastructure implications of
replacing conventional HDDTs that serve the SPBP with electric and/or connected HDDTs.

I rely on microscopic simulation on a freeway and arterial network centered on [-710, the

Xi



country’s most important economic artery. My results show that 1,000-hp
electric/hydrogen trucks can be a substitute for additional road capacity. Accounting for
the traffic impacts of new vehicle technologies is critical in infrastructure planning, and my
results suggest shifting funding from building new capacity to financing zero-emission (ZE)
1,000 hp HDDTs until the market for these vehicles has matured.

In Chapter 3, I quantify the health and GHG reduction benefits of replacing the
HDDTs serving the SPBP with ZE-HDDTs. I simulate ZE-HDDTs on a regional freeway
network to analyze their PMzs and COz emissions in 2012 and 2035 using MOVES3
emission factors. I then estimate their contribution to PMz2s concentrations with InMAP
and health impacts with BenMAP. I find that despite technology improvements and air
quality regulations, SPBP HDDTs would still cause 106 premature deaths (valued at $1.3
billion in $2022) and 2,142 asthma attacks (over two thirds of which would accrue to
disadvantaged communities) in 2035 due to population and drayage traffic growth, not to
mention at least $220 million in climate costs. With ZE-HDDTs becoming attractive in the
next few years from a total cost of ownership point-of-view, the main cost of achieving ZE
road drayage is a scrappage program for non-ZE-HDDTs. My results justify implementing
this program by 2035.

In Chapter 4, [ study the performance impacts of lane management strategies
implemented on I-710 to support the deployment of CACC-enabled vehicles and their
potential to absorb the 2035 projected growth in cargo demand at the SPBP. I find that a
designated lane for CACC-enabled vehicles can decrease congestion by creating more

platooning opportunities, thus maximizing CACC benefits.
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CHAPTER 1 INTRODUCTION

Electric and connected vehicles are expected to decrease the environmental footprint of
transportation, improve road safety, and alleviate congestion by smoothing traffic flows
(Hobert, Festag, Llatser, Altomare, & Visintainer, 2015; Ilgin Guler, Menendez, & Meier,
2014; Milakis, van Arem, & van Wee, 2017; Talebpour, Mahmassani, & Elfar, 2017). By
changing the economics of transportation, they will also likely transform the built
environment. In the freight sector, in addition to improved safety and environmental
performance, zero-emission automated trucks are expected to decrease the cost of hauling
freight and allow for more intensive use of freight logistics assets. However, one important
implication of electrifying trucks appears to have been overlooked so far: if they were
powerful enough (such as the forthcoming Tesla semi or the Nikola TWO0), heavy-duty
trucks would cease to be moving bottlenecks (Newell, 1998), which could substantially
increase road capacity in areas with high heavy-duty truck traffic (e.g., around major ports
or logistics complexes), thus reducing the need to expand the local road infrastructure. My
dissertation also considers connected automated trucks because connected and automated
technologies are known to have an impact on road capacity, and they are likely to be
deployed in the next few years to boost truck safety.

The advent of vehicle connectivity in transportation systems promises to improve
road safety, mitigate congestion, and create opportunities to manage traffic more efficiently
as communication technology enables real-time freeway traffic management. One of the

possible applications of traffic management is managed lanes. Variable lane eligibility



based on known demand (i.e., vehicle position and classification recorded from the
connected environment) can potentially support the deployment of Connected and
Autonomous Vehicles (CAVs), even at low market penetration. More specifically, lane
management could support the deployment of vehicles equipped with Cooperative
Adaptive Cruise Control (CACC) (SAE Level 1) to enhance safety, add capacity, and improve
performance by coordinating their deployment on dedicated lanes during selected periods.
While the deployment of connected and autonomous vehicles is typically impeded by
infrastructure and technology requirements, level 1 CAVs could be deployed with no
change to the existing infrastructure.

While much of the transportation literature has analyzed the benefits of
electrification, connectivity, and managed lanes for light-duty vehicles, I focus here on
heavy-duty drayage trucks (i.e., heavy-duty trucks hauling containers and bulk to and from
ports and intermodal railyards; CARB, 2022) because their typical driving cycles make
them prime candidates for electrification (compared to long-haul trucking, they drive
relatively few miles every day and they return to their base at night.) Like other heavy-
duty trucks, drayage trucks contribute disproportionately to PM2s (particulate matter with
a maximum diameter of 2.5 micrometers), which is the common air pollutant of most
health concern (CARB, 2022c; Pan, Roy, Choi, Sun, & Gao, 2019), nitrogen oxides (NOx), a
key component of smog and a precursor to secondary PM, and greenhouse gas (GHG)
emissions. Indeed, heavy-duty trucks account for four-fifth of road transportation PM in
California despite making up only 7% of registered vehicles (Tabuchi, 2020). They also
contribute a third of total NOx emissions (CARB, 2022b) and a fifth of GHG emissions from

transportation, the main source of GHG in California (CARB, 2021a).



Unlike long-haul heavy-duty trucks, drayage trucks mostly operate in populated
areas. This is the case for the heavy-duty drayage trucks (HDDTSs) serving the San Pedro
Bay Ports (SPBP; i.e., the ports of Los Angeles and Long Beach), the largest port complex in
the U.S. and ninth in the world in 2021 (Bansard International, 2022). As reported in the
environmental justice (E]) literature (e.g., see Barnes and Chatterton, 2016; Clark et al,,
2017; Grobar, 2008; Houston et al., 2004; Kingham et al., 2007), disadvantaged
communities (i.e., census tracts in the top quartile for their combined pollution burden, as
defined in CalEnviroScreen 4.0) are particularly exposed to air pollution from heavy-duty
trucks.

Caltrans, Gateway Cities, community organizations, and environmental justice
activists have clashed for years over how to manage increasing freight traffic on I-710 and
the resulting air pollution, congestion, and accidents. However, to the best of my
knowledge, little research has been done on the system-wide impacts of deploying electric
vehicles of improved performance, CACC-enabled vehicles, and lane management strategies
to support its deployment. In this context, my dissertation will examine the following
questions:

1) What are the potential traffic and road infrastructure implications from replacing
conventional drayage trucks with electric and/or connected heavy-duty trucks
around the largest port complex in the U.S.?

2) What are the health and GHG reduction benefits from replacing the HDDTs serving
the SPBP with ZE HDDTs while accounting for air quality regulations reflected in

U.S. EPA’s MOVES3?



3) Could lane management strategies, implemented to support the deployment of
CACC-enabled vehicles, absorb the 2035 projected growth in cargo demand on [-710
and other freeways connecting the San Pedro Bay Ports to the Inland Empire?

To answer these questions, my dissertation makes the following contributions.
First, in Chapter 2, [ show that replacing diesel drayage trucks with powerful (i.e., 1,000 hp)
electric drayage trucks would alleviate the need to add a lane to [-710 while absorbing the
projected increase in drayage traffic between now and 2035, thus illustrating that adopting
some new truck technologies is a substitute for road infrastructure expansion. To the best
of my knowledge, this is the first regional analysis to study the impact of emerging truck
technologies on infrastructure and system performance.

In Chapter 3, [ expand the health and environmental justice (E]) literatures by
quantifying the health, environmental, and E] impacts freeway drayage trucks in 2012 and
2035, and I show that these impacts would justify replacing conventional drayage trucks
with ZE drayage trucks by 2035. To the best of my knowledge, no published academic
study has estimated the health, environmental, and environmental justice benefits of
replacing conventional HDDTs with ZE HDDTs in the nation’s most important freight
complex. Moreover, the freeway simulation model I developed for Chapter 3 is one of the
largest ever built to analyze the benefits of a clean transportation program.

In Chapter 4 I simulate the system-wide impacts of deploying CACC-enabled
vehicles jointly with active lane management. I show that while speed improvements are
bounded by the share of HDDTs on the road, combining lane management strategies to
support the deployment of CACC-enabled vehicles could absorb the impact of the 2035

cargo growth on selected segments when a mix of HDDTs and passenger vehicles are CACC-



enabled and eligible to use the designated lane. My results also show that the best
performance can be achieved when ~30% of passenger vehicles are CACC-enabled and
eligible to use the designated lane, as average speed decreases with larger shares of CACC-
enabled passenger vehicles.

Although I focus on Southern California, my results have national importance as
other Metropolitan Planning Organizations have incorporated vehicle connectivity and
electrification to their long-range transportation plans (Boston Region MPO, 2017; MTC,
2022; SANDAG, 2019), and because 14 other states have adopted California’s GHG emission
and ZE vehicle regulations under Section 177 of the Clean Air Act.

Lastly, in Chapter 5 I summarize my findings, discuss some limitations, and suggest

possible future work extensions.



CHAPTER 2 POWERFUL ELECTRIC TRUCKS AS A SUBSTITUTE FOR MORE
ROAD CAPACITY

2.1 Introduction
Much has been written about the potential benefits of electric and connected automated
vehicles, which are expected to decrease the environmental footprint of transportation,
make roads safer, and smooth traffic flows (Hobert et al., 2015; Ilgin Guler et al., 2014;
Milakis et al., 2017; Talebpour et al., 2017). By changing the economics of transportation,
they will also likely transform the built environment. In the freight sector, in addition to
improved safety and environmental performance, zero-emission automated trucks are
expected to decrease the cost of hauling freight and allow for a more intensive use of
logistic assets. However, one important implication of electrifying trucks appears to have
been overlooked so far: if they were powerful enough (such as the forthcoming Tesla semi
or the Nikola TWO), heavy-duty trucks would cease to be moving bottlenecks (Newell,
1998), which could substantially increase road capacity in areas with high heavy-duty
truck traffic levels (e.g., around major ports or logistics complexes), thus reducing the need
to expand the local road infrastructure.

In this context, this chapter aims to quantify some potential traffic and road
infrastructure implications from replacing conventional drayage! trucks with electric
and/or connected heavy-duty trucks around the largest port complex in the U.S., and to

explore the implications for road infrastructure financing in the U.S. My analyses also

1 Drayage was originally used to describe the movement of goods in side-less carts, or drays, pulled by horses.
It now designates the transport of containerized cargo between ports or rail ramps and shipping docks.



consider connected automated trucks because connected and automated technologies are
known to have an impact on road capacity, and they are likely to be deployed in the next
few years to boost truck safety.

To enhance the realism of my study, I relied on vehicular microsimulation to analyze
scenarios that include a baseline (2012), three infrastructure configurations, and different
truck technologies for the year 2035, a target date that regional and state agencies have
used for planning, forecasting, and regulatory purposes. Although microscopic simulation
has been employed numerous times before to analyze electric or automated vehicles, to my
knowledge, this is the first regional analysis of how electric and connected trucks could
affect regional traffic and the demand for road infrastructure.

In this chapter, my study area is centered on the I-710 corridor, which connects the
San Pedro Bay Ports (SPBP, i.e., the Ports of Los Angeles and Long Beach in Southern
California) with railyards and other major freeways south of downtown Los Angeles (LA;
see Figure 2.1). Also known as the Long Beach Freeway, I-710 has been called the
country’s most important economic artery (Estrada, 2014) because of its critical role in
moving goods to and from the SPBP complex. As it carries the bulk of the trucks that serve
the SPBP, I-710 has one of the highest truck AADT in California (California Department of
Transportation, 2020). My study area also includes I-110 and several arterials because the
former is an alternative to I-710, and the latter carry many trucks between the Ports,
warehouses, and railyards.

My study area is particularly well-suited to study the impact of changes in heavy-
duty truck technologies for a couple of reasons. First, in a September 2020 Executive

Order, the Governor of California reaffirmed the goal that all drayage trucks in the state be



zero-emission by 2035. That deadline was initially set in the Clean Air Action Plan (CAAP)

update, which was adopted in 2017 by the Ports of Los Angeles and Long Beach (hereafter

the San Pedro Bay Ports, or SPBP), partly under pressure from environmental justice

organizations and community activists concerned about the air pollution from port

operations. A second reason is a pre-COVID-19 forecast (MERCATOR & Oxford Economics,

2016), which called for a 145% increase in drayage truck traffic by 2035. If realized, it

would put considerable strain on the transportation infrastructure serving the SPBP,

especially I-710.
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At a time when policymakers are considering large investment programs to upgrade
neglected infrastructure and create jobs as the COVID-19 pandemic finally wanes, both in
the U.S. and abroad, my findings call for a change in the traditional infrastructure funding
role of the federal government to help transition to heavy-duty electric vehicles in freight
corridors. More specifically, I call to repurpose some public funds earmarked for capacity
expansion in busy freight corridors to incentivize the purchase of heavy-duty electric
trucks that are powerful enough to yield substantial traffic benefits until the market for
these vehicles is mature enough.

In the next section, [ review selected papers and present background information.
In Section 1.3, I introduce my data and my methodology. After discussing my results
(Section 1.4), Sections 1.5 and 1.6 summarizes my findings, discusses some limitations, and

suggest possible extensions.

2.2 Background

Giuliano et al. (2021) noted that there is increasing interest in replacing conventional
heavy-duty trucks with cleaner or zero-emission trucks to reduce air pollution and
greenhouse gas emissions from freight transportation. Here, I briefly review selected
papers that simulated electric trucks and analyzed the potential impacts of

automated/connected heavy-duty trucks.



2.2.1 Electric Trucks Modeling

Simulation has been used extensively to study various aspects of electric trucks. For
example, it has been used to optimize the design and control of electric vehicles (Butler,
Ehsani, & Kamath, 1999; Feng, Dong, Yang, & Cheng, 2016; Kiyakh & Solmaz, 2019; C.-C.
Lin, Peng, Grizzle, Liu, & Busdiecker, 2003). In addition, discrete event simulation has
helped investigate the impact of electric vehicles on fleet management and urban
distribution, mostly to optimize the number of trips or deliveries given battery range
limitations (Keskin, Catay, & Laporte, 2021; Lebeau, Macharis, Van Mierlo, & Maes, 2013).
Recent studies relying on agent-based simulation have explored electric vehicle adoption
for urban freight transport and deliveries (Alves, da Silva Lima, Cust6dio de Sena, Ferreira
de Pinho, & Holguin-Veras, 2019; Ewert, Martins-Turner, Thaller, & Nagel, 2021; Palanca,
Terrasa, Rodriguez, Carrascosa, & Julian, 2021). Many of these studies were concerned
with understanding how battery-induced range limitation could affect urban freight
demand and management, particularly last-mile deliveries.

Simulation has also been widely used to assess the impact of various control
systems on vehicle interactions, traffic flow, and traffic management (Guériau et al., 2016;
Talebpour & Mahmassani, 2016; Talebpour et al., 2017; van Arem, van Driel, & Visser,
2006).

Other papers have relied on optimization methods to minimize cost and/or air
pollutant emissions for a set of fixed freight demands and studied the feasibility of said
technologies on stylized road networks (Davis & Figliozzi, 2013; Giuliano et al., 2021; J. Lin,

Zhou, & Wolfson, 2016; Schneider, Stenger, & Goeke, 2014).
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2.2.2 Automated and Connected Trucks

In addition to heavy-duty electric trucks, I analyzed level-1 (on the scale of the Society of
Automotive Engineers (SAE, 2021), where level 5 corresponds to full automation) heavy-
duty port trucks connected via Cooperative Adaptive Cruise Control (CACC). For level-1
CACC trucks, longitudinal motion, braking, and acceleration are controlled by onboard
systems, so consecutive vehicles maintain a constant time gap when their driving is
synchronized with a leading truck, while a human driver handles all other driving tasks.
CACC trucks are said to travel in strings to distinguish them from automated platoons,
where trucks attempt instead to keep a fixed distance gap (Shladover, Nowakowski, Lu, &
Ferlis, 2015).

Coupling and clustering of CACC-connected trucks could occur whenever the leading
vehicle is equipped with the right level of automation and with CACC or other radio access
technologies such as dedicated short-range communications (Mavromatis, Tassi, Rigazzi, ].
Piechocki, & Nix, 2018). Alternatives to short-range radio signals include establishing
communication between vehicles using other devices, the surrounding infrastructure, or
the internet (Mavromatis et al., 2018). However, approaches that would require significant
infrastructure investments are less likely to be adopted because of the size of the
investments needed and current strains on public budgets.

Organizing trucks in platoons could yield multiple benefits. The first two are
improving fuel efficiency and reducing air pollution (Boysen, Briskorn, & Schwerdfeger,
2018; Larson, Liang, & Johansson, 2015; Liang, Martensson, & Johansson, 2013). Energy
savings could come from reducing aerodynamic drag and from propulsion changes (e.g.,

hybrid, electric, or hydrogen-electric engines), which would cut tailpipe CO2z and criteria
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pollutant emissions. Another motivation is congestion relief, my focus here. Overall, the
effectiveness of cooperative driving relies on the market penetration of CACC-capable
vehicles, the formation of stable strings, and their interactions with human-driven vehicles.

Several studies have explored the feasibility of connected automated trucks through
field studies and simulation, along with their safety and fuel efficiency (Lu & Shladover,
2014a; Ramezani, Shladover, Lu, & Chou, 2018a). They have considered gaps as small as 4
meters (0.2 s at 85 km/h or 53 mph). The work of Ramezani et al. (2018) is particularly
interesting because they simulated one hour of a 15-mile northbound segment of I-710 to
explore the capacity effects of truck platooning. They reported speed improvements of
19% for trucks and 6% for passenger vehicles.

To the best of my knowledge, no published study currently explores regional
network system-wide performance improvements stemming from replacing conventional
heavy-duty trucks with more powerful, responsive, and possibly CACC-connected vehicles,

as also noted by Bhoopalam et al. (2018).

2.2.3 Challenges Facing Electric Connected and Automated Vehicles

The main challenges associated with the deployment of battery-electric trucks lie in the
capacity of current batteries, the availability of charging infrastructure, higher upfront
costs, and the expected impacts of these limitations on the economic activities associated
with freight operations. However, in the longer term, the net ownership costs of electric
trucks are expected to dip well below those of conventional diesel and hybrid trucks

(Giuliano et al., 2021; Vijayagopal & Rousseau, 2021).
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Poorsartep and Stephens (2015) argue that the most significant challenge towards
safely achieving high levels of vehicle automation is technical in nature. However, my
literature review suggests that societal and institutional obstacles are also substantial,
especially as they relate to safety and liability (Colonna, 2013; Duffy & Hopkins, 2013;
Hevelke & Nida-Ruimelin, 2015; Marchant & Lindor, 2012; Taeihagh & Lim, 2019). Since
the current liability system is not designed for automated vehicles, new laws and policies
are needed to protect manufacturers and users (Geistfeld, 2017; Noussia, 2020; Seuwou,
Banissi, & Ubakanma, 2020).

Public acceptance is also an issue, as many Americans feel uneasy about sharing the
road with large, self-driving freight trucks (Smith and Anderson, 2017). Furthermore, the
arrival of automated technologies is expected to cause some job losses (although there is a
chronic shortage of long-haul drivers in the U.S.), vehicle ownership changes, and travel
behavior modifications that may disproportionately affect less affluent households. As a
result, their introduction is likely to be challenged (Cheon, 2003; Pettigrew, Fritschi, &
Norman, 2018). However, most of these reservations are not of concern here because the
CACC-connected heavy-duty trucks I analyzed are only automated up to level 1, so they

require a human driver.

2.3 Data and Methodology

For this study, I relied on vehicular microsimulation to capture the complex interactions
between the road infrastructure and heterogeneous vehicles. I selected TransModeler for
two main reasons. First, it can perform dynamic traffic assignment (DTA) directly, allowing

for a more realistic distribution of trips on the network. Second, TransModeler offers
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useful features for simulating connected and automated vehicles, including Cooperative
Adaptive Cruise Control (CACC) and the constant time gap car-following model (J. Wang &

Rajamani, 2004).

2.3.1 Study Area

My study area (see Figure 2.1) extends from the SPBP gates to the portion of I-5
sandwiched between I-110 and I-710, on the southern end of downtown LA. My simulation
models, which build on a network initially developed by Bhagat (2014), include 314 miles
(~465 km) of freeways and 281 miles (~452 km) of arterials. Different network
configurations and traffic control vary by scenario. Further details are provided below.
The freeway of most interest in my study area is [-710 because of the large percentage of
trucks (especially heavy-duty port trucks, HDPTs) it carries. In 2012, the percentage of
trucks on [-710 varied from 13.9% (out of 153,000 vehicle AADT) northbound at the
junction with Route 1 by the SPBP complex, to 7.8% (out of 177,000 vehicles AADT)
northbound at the junction with I-5, with slightly higher southbound values (14.3% and
8.4% respectively) (Caltrans 2012). By comparison, the percentage of northbound trucks
on [-110, which is parallel to I-710, is 5.7% and 0.76% at the junction with Route 1 and I-5,

respectively.

2.3.2 Scenarios
To explore how the replacement of conventional HDPTs by electric and possibly CACC-
equipped HDPTs may impact traffic and network performance in a realistic setting, |

created 13 scenarios with 2012 as my baseline and 2035 as my target because these two
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years were selected in key studies of [-710 (Caltrans & L.A. Metro, 2012; Choi, 2015, Port of
Long Beach and Port of Los Angeles, 2017).

For my 2035 scenarios, I tried to account for changes in the number of containers
going through the SPBP complex, the evolution of truck technology, adjustments to the
regional road infrastructure, and the development of freight rail capacity. I relied on a
recent report (MERCATOR & Oxford Economics, 2016), a 2019 technical paper (Leue, Luzzi,
Patil, Cartwright, & Sequeira, 2019), and personal communications with SPBP
transportation experts. Before proceeding, it is worth remembering that forecasts
published over the past two decades have been wildly over-optimistic about SPBP
container traffic growth (see Figure 1 in Leue et al., 2019), although I acknowledge the
difficulty of forecasting container traffic, which depends on global economic growth, U.S.
trade policy, the evolution of ship technology, local infrastructure improvements, and the
actions of competing ports.

In 2012, the SPBP complex handled 14.1 million 20-Foot Equivalent Units (TEUs)
(Caltrans & LA Metro, 2017), including imports, exports, and empty containers. According
to the Southern California Association of Governments (SCAG, 2013; Table 4.6), 23.6% of
these 14,1 million TEUs (~3.3 million TEUs) were moved directly from port terminals to
trains (on-dock?) and did not require trucking. Of the remaining 76.4%, 28.6% were
moved only by truck, and 47.9% were hauled to off-dock? rail yards in the region. The

latter (47.9%) can further be split into Inland Point Intermodal - IPI (11.4%, ~1.6 million

2 On-dock refers to container yards located withing the ports.
3 Off-dock refers to rail yards located outside the ports; containers leave the ports by truck and are transloaded there
to be moved by rail.
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TEUs), imported transloads (13.6%, ~1.9 million TEUs), and domestic containers (22.9%,
~3.2 million TEUs) (SCAG, 2013).

MERCATOR and Oxford Economics (2016) forecasted that the SPBP would handle
34.5 million TEUs by 2035. To break this down by mode, I relied on SCAG (2013) (see table
4.6, page 4-19), which estimated that in 2035 the share of cargo moved directly from port
terminals to trains (on-dock) would account for 29.7% (~10.2 million TEUs) of container
cargo. The remaining 70.3% would be moved by truck to nearby off-dock rail yards (46.9%,
~16.2 million TEUs) or exclusively by truck (23.5%, ~8.1 million TEUs). The share of off-
dock cargo in 2035 can be further broken down into IPI (10.3% or ~3.6 million TEUs),
transloads (15.6% or ~5.4 million TEUs), and domestic container (20.9% or ~7.2 million
TEUs). Table 2.1 summarizes container traffic by mode for 2012 and 2035.

To reflect these forecasts in my 2035 OD matrix, I changed the 2012 OD matrix for
HDPT demand by applying two factors. First, for off-dock rail, [ applied a 140% increase to
all HDPT trips starting or ending at one of the five on-dock railyards that serve the SPBP -
two operated by BNSF (BNSF Hobart/Commerce Yard and BNSF Wilmington), and three by
Union Pacific Railroad (UP East Los Angeles Yard, UP City of Industry Yard, and UP Carson )
(The Port of LA, 2021). For the remaining OD pairs, where containers are moved
exclusively by truck, I applied a 101% growth factor. As a result, road trips of port
containers jumped from 57 thousand in 2012 to 118 thousand in 2035.

In 2015, the SCAG region housed nearly 19 million people, which was forecast to
grow to ~21 million residents by 2035 (Choi, 2015a). While this growth will likely
exacerbate the region’s infrastructure and mobility needs, it will mainly occur in the inland

Counties of Riverside and San Bernardino. The region’s population is also expected to age
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(the share of people 65 years and older will jump from 11% to 18%), increasing the need

for more efficient travel modes, particularly for those who can no longer rely primarily on
their private vehicles. If SCAG’s regional transportation plan (which includes investments
in transit, high-speed rail, active transportation, and transportation demand management)

is successful, my study area should see little to no increase in light-duty VMT.

Table 2.1 Estimates of TEU volumes by mode for 2012 and 2035

2012 2035 % change:

millio o millio o (TEU2035 - TEU2012)

n TEUs ° n TEUs 0 / TEUzo12
g(’jcgg' 33 23.6% 102 29.7% 207.8%
gj)lcggif' 16 114% 3.6 10.3% 120.6%
Transloade 1.9 13.6% 5.4 15.6% 182.0%
Domesticd 3.2 22.9% 7.2 20.9% 123.9%
Trucke 4.0 28.6% 8.1 23.5% 101.1%
Total off-
dock (brced) 6.7 47.9% 16.2 46.9% 139.6%
Total 14.1 34.5 145%

a: Inland Point Intermodal (IPI) on-dock refers to transloaded containers within the ports (loaded
and empty, for imports and exports).

b: Inland Point Intermodal (IPI) off-dock refers to transloaded containers outside the ports (loaded
and empty, for imports and exports).

¢: “Transload” refers to containers that leave the ports by drayage truck and are transloaded to
trains in off-ports railyards (loaded imports only).

d: Domestic containers, loaded and empty, originate from the US for imports and exports

e: “Truck” refers to containers that leave the ports for unloading and distribution by truck.

The off-dock market share forecast for 2035 is based on SCAG's good movements report (2013), for
which IPI off-dock will account for 5% of container cargo demand or 22% of off-dock cargo demand
(1.7 million TEUs), transloading for 33% of off-dock rail (2.6 million TEUs), and domestic for 45%
of off-dock rail (3.5 million TEUs). Thus, the remaining cargo, which is expected to be moved by
truck, is 49.3% of the cargo demand forecast for 2035.

In this context, I considered twelve scenarios for 2035, in addition toa 2012
baseline scenario (Scenario 1). All 2035 scenarios assume an increase in HDPT traffic

compared to 2012 with no growth in other categories of vehicles, but they differ based on
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road infrastructure and the characteristics of the HDPTs serving the SPBP complex.

In Scenarios 2A-2D, the road infrastructure in my study area is unchanged compared to
2012. In Scenario 2A, HDPTs are diesel trucks (dTs) that are similar to current HDPTs. In
Scenario 2B, current HDPTs are replaced by diesel trucks connected via CACC (level 1
automation) (dCATs). In Scenario 2C, HDPTs are assumed instead to be battery-electric or
hydrogen-electric trucks (eTs) with a much lower mass-to-power ratio (MPR) and are not
connected. In Scenario 2D, HDPTs are eTs connected via CACC (eCATs). For more details
about the MPR of eTs and eCATs, see sub-Section 1.3.3.

Scenarios 3A-3D feature ramp improvements along I-710, in addition to the demand
increase in port trucks common to all 2035 scenarios. Despite the approval of funds for
local improvement projects in my study area (Scauzillo, 2018), the lack of published
geometric design prevents us from incorporating these into my network. Instead, after
running some simulations, I identified six intersections/ramps that were most in need of
improvement to serve the 2035 demand forecast (see Figure 2.2.)

Scenario 3A features conventional diesel HDPTs, 3B HDPTs are level-1 dCATs with
an MPR similar to current HDPTs, while in 3C and 3D, HDPTs are 1,000 hp eTs and 1,000
hp eCATs, respectively.

Scenarios 4A-D include the ramp improvements from 3A-D, plus an additional
general-purpose lane on each side of [-710 between East Ocean Blvd and I-5, as shown in
Figure 2.2. Like Scenarios 2A-D and 3A-D, 4A features conventional diesel HDPTs, 4B has
level-1 dCATs with an MPR similar to current HDPTs, and 4C and 4D feature 1,000 hp eTs
and 1,000 hp eCATs, respectively. Table 2.2 summarizes the key characteristics of my

scenarios.
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Table 2.2 Summary of scenario characteristics

HDPTs are HDPTs are
; ?
Year Scenario dCATS? HDPTs are eTs? eCATS?

2012 1 - - -

2A - - -
2B v - -

2C - v -
2D - - v

2035

2012 road
infrastructure

3A = = =
3B v -- --
3C -- v =
3D -- - v

2035

Ramp

improvements
on [-710

4A - -- -
4B v -- --
4C -- v -
4D -- -- v

2035

Ramp
improvements
+ general-
purpose lane
on[-710

All 2035 scenarios assume the following increase in HDPT traffic compared to 2012 with no growth
in other vehicle categories: a 140% increase in all HDPT trips starting or ending at one of the five
on-dock railyards that serve the SPBP and a 101% increase for the remaining OD pairs where

containers are moved exclusively by truck.

2.3.3 Modeling 1,000 hp Electric Trucks (eTs)

[t is well-known that conventional trucks form moving bottlenecks (Newell, 1998) because
of their relatively sluggish acceleration compared to passenger cars. One approach to
capture this aspect of a vehicle's performance is via its mass-to-power ratio (MPR). For the
distribution of MPR, I relied on data from the National Cooperative Highway Research
Program (Figure D-5 page D4 in NCHRP, 2003). Then, based on the mass distribution of

heavy-duty trucks in my model, [ assumed that the median value of the power of a heavy-
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duty diesel truck is ~400 hp.

This value could increase markedly for heavy-duty electric/hydrogen-electric
trucks, however. For example, Nikola announced two hydrogen-electric Class 8 trucks (the
TWO and the TRE), whose engines are expected to deliver 645 continuous hp (Nikola
Motor, 2020). Another much-expected entrant is Tesla’s Semi (Tesla, 2018),a 100%
battery-electric truck that will be equipped with an independent electric motor for each of
its four rear wheels. Each could produce up to 300 hp and 550 pound-feet of torque so that
the Semi could have a minimum of 1,000 hp and 2,000 pound-feet of torque (O’Dell, 2019).
A key difference between electric and diesel engines is that the former reach peak torque
almost instantly, whereas diesel engines require a high MPR. As a result, Nikola’s TWO and
Tesla’s Semi will accelerate several times faster than conventional diesel tractors.
According to Tesla (0’Dell, 2019), a Semi pulling an empty trailer could go from 0 to 60
mph in 5 seconds (20 seconds when fully loaded). This would mostly remove the shock
wave generated by slow-moving trucks in busy traffic. Unfortunately, TransModeler
cannot currently capture differences in torque availability, which will mask in my results
the important difference in acceleration potential between conventional and electric trucks
with the same hp.

I, therefore, simulated electric trucks by altering the MPR distribution in my
simulations, starting with the MPR distribution of HDPTs, which I modified to allow for
1,000 hp HDPTs. Since current battery-electric trucks such as BYD’s Class 8 truck report
power ratings equivalent to those of conventional diesel trucks, my simulations considered
both 400 hp and 1,000 hp HDPTs. The MPR distribution alters accelerations as a vehicle's

maximum acceleration is a function of its MPR and speed. That maximum acceleration rate
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serves as an upper bound for vehicles during a simulation.

The MPR distribution of eTs with a power of 1,000 hp was derived based on the
distribution of HDTs on California freeways (NCHRP, 2003), and on the expected increase in
power from ~400 for conventional diesel trucks to 1,000 for battery electric trucks. Tables
2.3 and 2.4 compare the mass and MPR distributions of HDT, both conventional and those

with 1,000 hp.

Table 2.3 Mass distributions of HDTs

Class Average (lbs) Std dev (1bs) Minimum (1bs) Maximum (lbs)
dTs 36,396.6 30,049.7 26,000.0 80,000.0
eTs 36,396.6 30,049.7 26,000.0 80,000.0
Table 2.4 MPR distribution of HDTs
Class | 25th (Ibs/hp) | 50th (Ibs/hp) | 75th (Ibs/hp) | 85th (Ibs/hp) | 90th (Ibs/hp)
dTs 112.0 141.0 164.0 183.0 198.0
eTs 45.3 57.0 66.3 73.9 80.0

In my simulation models, the maximum acceleration rate of a vehicle is directly a

function of its MPR, speed, and road surface grade. However, the latter term does not come

into play as my model assumes a level terrain. TransModeler employs a maximum

acceleration table (see Table 2.5) as the highest acceleration applied by a vehicle with

values borrowed from the ITE Traffic Engineering Handbook (1999). The maximum

acceleration thus follows the following relation:

AP R, V] = AMPH[R, V] + g7 G;/100

(E1.1)

where, Aﬁ-‘;’-ax’“ [R;, V;] is the maximum acceleration rate of vehicle i on segment j, and [R;, V;]

are the MPP and speed of vehicle i, respectively. AM**[R;, V;] comes directly from the
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maximum acceleration table using a bilinear interpolation and represents the maximum

acceleration at level terrain. g* and G; represent the effect of gravity on acceleration and

the gradient of road segment j, respectively.

Table 2.5 Maximum acceleration rate at level terrain in ft/s"2

MPR <10 10-20 20-30 30-40 40-50 >50
(1Ibs/hp) mph mph mph mph mph mph
25 13.22 11.32 9.45 7.55 5.68 3.77
30 11.29 9.68 8.07 6.46 4.82 3.22
35 9.88 8.46 7.05 5.64 4.23 2.82
100 4.20 3.61 3.02 2.40 1.80 1.21
201 2.76 2.36 1.97 1.57 1.18 0.79
299 2.26 1.94 1.61 1.28 0.98 0.66
399 2.13 1.84 1.51 1.21 0.92 0.62

However, under normal driving conditions, there are differences in acceleration
based on vehicle specifications and/or driver preference and comfort. Thus, the normal
acceleration of a vehicle is expressed as a function of the maximum acceleration that the
vehicle can achieve at any given time (E1.2).

Af[R, Vil = a; + BAT R, V1] (E1.2)
where @; and f; are parameters used to distinguish between aggressive and conservative
drivers or the variation in acceleration ability. With lack of local data to calibrate these
parameters, | used the default TransModeler distribution for my simulation runs with an
Alpha value of zero and Beta values from a normal distribution (1.1 for 20% of vehicles, 1.0
for 60% of vehicles, and 0.95 for 20% of vehicles).

Then, a normal deceleration is applied under normal driving conditions (i.e., not

during emergency braking), such as decelerating to the desired speed, approaching a red
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light, or trying to abide by the posted speed limit. TransModeler employs a normal
deceleration rate table (see Table 2.6) to interpolate a vehicle’s acceleration rate based on
the vehicle’s mass and tra